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SPECIFICATION 

DISPLAY DEVICE AND METHOD FOR PRODUCING THE SAME 

5 TECHNICAL FIELD 

The present invention relates to a display device which 
consumes less electric power, and which has large screen 
brightness. In particular, the present invention relates to 
improvement in the display device for displaying a picture 
iS-; image corresponding to an image signal on an optical 

ij waveguide plate by controlling leakage light at a 

iS predetermined position on the optical waveguide plate by 

S controlling the displacement action of an actuator element 

in a direction to make contact or separation with respect to 
ii the optical waveguide plate in accordance with the attribute 

g of the image signal to be inputted. The present invention 

S also relates to a method for producing the display device. 
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BACKGROUND ART 

Those hitherto known as the display device include, for 
example, cathode ray tubes (CRT) and liquid crystal display 
devices . 

Those known as the cathode ray tube include, for 
example, ordinary television receivers and monitor units for 
computers. Although the cathode ray tube has a bright 
screen, it consumes a large amount of electric power. 
Further, the cathode ray tube involves a problem that the 
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depth of the entire display device is large as compared wlLh 
the size of the screen. 

On the other hand, the liquid crystal display device is 
advantageous in that the entire device can be miniaturized, 
and the display device consumes a small amount of electric 
power. However, the liquid crystal display device involves 
problems that it is inferior in brightness of the screen, 
and the field angle of the screen is narrow. 

In the case of the cathode ray tube and the liquid 
crystal display device, it is necessary for a color 
screen to use a number of pixels which is three times a 
number of pixels used in a black-and-white screen. For 
this reason, other problems occur in that the device 
itself is complicated, a great deal of electric power is 
consumed, and it is inevitable to cause the increase in 
cost . 

In order to solve the problems described above, the 
present applicant has suggested a novel display device (see, 
for example, Japanese Laid-Open Patent Publication No. 7- 
287176). As shown in FIG. 63, this display device includes 
actuator elements 400 arranged for respective pixels. Each 
of the actuator elements 400 comprises a main actuator 
element 408 including a piezoelectric/electrostrictive layer 
402 and an upper electrode 404 and a lower electrode 406 
formed on upper and lower surfaces of the 

piezoelectric/electrostrictive layer 402 respectively, and 
an actuator substrate 414 including a vibrating section 410 
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ana a tixea section aisposed unaer tne main actuator 

element 408. The lower electrode 406 of the main actuator 
element 408 contacts with the vibrating section 410. The 
main actuator element 408 is supported by the vibrating 
section 410. 

The actuator substrate 414 is composed of ceramics in 
which the vibrating section 410 and the fixed section 412 
are integrated into one unit. A recess 416 is foimed in the 
actuator substrate 414 so that the vibrating section 410 is 
thin-walled. 

A displacement -transmitting section 420 for obtaining a 
predetermined size of contact area with respect to an 
optical waveguide plate 418 is connected to the upper 
electrode 404 of the main actuator element 408. In the 
illustrative display device shown in FIG. 63, the 
displacement-transmitting section 420 is arranged such that 
it is located closely near to the optical waveguide plate 
418 in the OFF selection state or the NO selection state in 
which the actuator element 400 stands still, while it 
contacts with the optical waveguide plate 418 in the ON 
selection state at a distance of not more than the 
wavelength of the light. 

The light 422 is introduced, for example, from a 
lateral end of the optical waveguide plate 418. In this 
arrcingement , all of the light 422 is totally reflected at 
the inside of the optical waveguide plate 418 without being 
transmitted through front and back surfaces thereof by 
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controlling the magnitude of the refractive index of the 
optical waveguide plate 418. In this state, a voltage 
signal corresponding to an attribute of an image signal is 
selectively applied to the actuator element 400 by the aid 
of the upper electrode 404 and the lower electrode 406 so 
that the actuator element 400 is allowed to make a variety 
of displacement actions in conformity with the ON selection, 
the OFF selection, and the NO selection. Thus, the 
displacement -transmitting section 420 is controlled for its 
contact and separation with respect to the optical waveguide 
plate 418. Accordingly, the scattered light (leakage light) 
424 is controlled at a predetermined portion of the optical 
waveguide plate 418. and a picture image corresponding to 
the image signal is displayed on the optical waveguide plate 
418. 

When a color picture is displayed by using the display 
device, the following operation is performed. That is. for 
example, light sources for three primary colors are switched 
to control the light emission time for three primary colors, 
while synchronizing the contact time between the optical 
waveguide plate and the displacement -transmitting plate with 
the period of color development. Alternatively, the contact 
time between the optical waveguide plate and the 
displacement -transmitting plate is controlled, while 
synchronizing the light emission time for three primary 
colors with the color development period. 

Therefore, the illustrative display device suggested by 



- 4 - 



IS 

'■£■1 



20 



25 



the present applicant is advantageous in that it is 
unnecessary to increase the number of pixels as compared 
with the black-and-white screen, even when the display 
device is applied to the color display system. 

An object of the present invention is to provide a 
display device and a method for producing the same to 
exhibit the following effects, by improving the arrangement 
of the illustrative display device suggested by the present 
applicant . 

(1) The clearance (gap) can be easily formed between 
the optical waveguide plate and the pixel structure, and the 
gap can be formed uniformly for all of the pixels. 

(2) The size of the gap can be easily controlled. 

(3) The adhesion of the pixel structure to the optical 
waveguide plate can be avoided, and it is possible to 
effectively realize a high response speed. 

(4) The contact surface of the pixel structure 
(contact surface with respect to the optical waveguide 
plate) can be formed to be smooth so that the light is 
efficiently introduced into the pixel structure when the 
predetermined pixel structure makes contact with the optical 

waveguide plate. 

(5) It is possible to ensure the response speed of the 

pixel . 

(6) It is possible to obtain the uniform brightness 

for all of the pixels. 

(7) It is possible to improve the brightness of the 
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DISCLOSURE OF THE INVENTION 

According to the present invention, there is provided a 
display device comprising an optical waveguide plate for 
introducing light thereinto; an actuator substrate provided 
opposingly to one plate surface of the optical waveguide 
plate and arranged with actuator elements of a number 
corresponding to a large number of pixels ; a pixel structure 
formed on each of the actuator elements of the actuator 
substrate; and a crosspiece formed at a portion other than 
the pixel structure between the optical waveguide plate and 
the actuator substrate (invention as defined in claim 1). 

According to the present invention, all of the light, 
which is introduced, for example, from a lateral end of the 
optical waveguide plate, is totally reflected at the inside 
of the optical waveguide plate without being transmitted 
through front and back surfaces thereof by controlling the 
magnitude of the refractive index of the optical waveguide 
plate. In this state, when the displacement-transmitting 
section approaches the optical waveguide plate in accordance 
with the displacement action of the actuator section, the 
light, which has been subjected to total reflection, is 
reflected by the pixel structure, and it behaves as 
scattered light. A part of the scattered light is reflected 
again in the optical waveguide plate. However, almost all 
of the scattered light is transmitted through the front 
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surface of the optical waveguide plate without being 
reflected by the optical waveguide plate. 

The arrangement described above Is Illustrative of the 
case in which the pixel structure Is displaced In the 
direction to maKe approach to the optical waveguide plate In 
accordance with the displacement action of the actuator 
element. Alternatively, the present Invention is also 
applicable to the case in which the pixel structure Is 
displaced in the direction to make separation from the 
optical waveguide plate in accordance with the displacement 

action of the actuator element. 

,^■r-^»o<»n^'e or absence of light 
As described above, the presence or a 

emission (leakage light, at the front surface of the optical 

waveguide plate can be controlled in accordance with the 

approach and separation of the pixel structure disposed at 

the bacK Of the optical waveguide plate, with respect to the 

Tn this arrangement, for example, 
optical waveguide plate. In this arra a 

one unit for allowing the pixel structure to make 
displacement action in the direction to maXe the approach or 
separation with respect to the optical waveguide plate may 
be regarded as one pixel. A picture l^age (for example. 
Characters and graphics, corresponding to the i^ge signal 
can be displayed on the front surface of the optical 
waveguide plate in the same manner as in the cathode ray 
tube and the li<rald crystal display device, by arranging a 
large number of the pixels in a matrix form, and controlling 
the displacement action of each of the pixels in accordance 



with the attribute of the inputted image signal. 

mxen the display device of the present invention is 
applied to the color display system, the following 
arrangement may be adopted, for example. In relation to the 
color scheme of the color layers (for example, three primary 
color filters, complementary color filters, or color 
scattering elements, disposed for the pixel structures. 
That is. for example, one pixel may he constructed by three 
pixel structures adjacent to one another (RGB arrangement, 

hy four Pixel structures adjacent to one another (for 
example . checked arrangement , . 

It is noted that the display device according to the 
present invention comprises the crosspiece formed at the 
portions other than the pixel structures between the optical 
waveguide plate and the actuator substrate. 

If the optical waveguide plate and the actuator 
substrate are fixed by using only the circumferential edge 
of the screen without providing any crosspiece. the 
vibration occurs in the actuator substrate due to the 
„,ovement of the actuator element. Every time when the 
Vibration occurs, the displacement standard is changed. As 
a result, the ON/OFF operation of the pixel does not 
correspond to the displacement of the actuator element in 
some cases* 

However, in the present invention, the crosspiece is 
provided as described above. Therefore, even when a certain 
actuator element makes displacement action, the vibration 



thereof is absorbed by the crosspiece. Accordingly, no 
inconvenience occurs, which would otherwise occur such that 
the displacement standard is changed. 

The support effected for the optical waveguide plate by 
the plurality of crosspieces formed around the pixel 
structure makes it easy to obtain a uniform gap between the 
pixel structure and the optical waveguide plate for all of 
the pixels. Further, the size of the gap can be easily 
controlled by arbitrarily changing the height of the 
crosspiece. As a result, it is possible to obtain a uniform 
brightness for all of the pixels. 

in the arrangement described above, it is also 
preferable that the actuator element includes a shape- 
retaining layer, an operating section having at least a pair 
of electrodes formed on the shape -retaining layer, a 
vibrating section for supporting the operating section, and 
a fixed section for supporting the vibrating section in a 
vibrating manner (invention as defined in claim 2). 

in the display device constructed as described above, 
the term "actuator section including the shape-retaining 
layer" refers to an actuator element which has at least two 
or more displacement states at an identical voltage level. 
The actuator element having the shape -retaining layer has 

the following features. 

(1) The threshold characteristic concerning the change 
from the OFF state to the ON state is steep as compared with 
the case in which no shape -retaining layer exists. 
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Accordingly, it is possible to narrow the deflectxon wxaT:R 
of the voltage, and it is possible to mitigate the load on 
the circuit. 

(2) The difference between the ON state and the OFF 
state is distinct, resulting in improvement in contrast. 

(3) The dispersion of threshold value is decreased, 
and an enough margin is provided for the voltage setting 
range. It is desirable to use. as the actuator element, an 
actuator element which makes, for example, upward 
displacement (giving the separated state upon no voltage 
load and giving the contact state upon voltage application) 
because of easiness of control. Especially, it is desirable 
to use an actuator element having a structure including a 
pair of electrodes on its surface. 

(4) It is preferable to use, for example, a 
piezoelectric/electrostrictive layer and an anti- 
ferroelectric layer as the shape -retaining layer. 

in the display device constructed as described above, 
it is also preferable that the crosspiece is secured to the 
optical waveguide plate (invention as defined in claim 3). 
Alternatively, it is also preferable that a gap-forming 
layer is provided between the optical waveguide plate and 
the crosspiece (invention as defined in claim 4). When the 
gap-forming layer is provided, it is easier to obtain a 
uniform gap between the pixel structure and the optical 
waveguide plate for all of the pixels. The size of the gap 
can be easily controlled as well. 
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The constitutive material for the gap-forming layer 
includes, for example, metal films, films containing carbon 
black, black pigment, or black dye. and transparent films 
having low light- scattering property. Accordingly, the gap- 
forming layer is allowed to simultaneously have the function 
of black matrix. Especially, when a metal film composed of. 
for example, Cr. Al. Ni. or Ag is used as the gap-forming 
layer, the attenuation and the scattering of the light 
transmitted through the optical waveguide plate can be 
suppressed, because a small amount of light is absorbed 
thereby. Therefore, such a metal film is used especially 
preferably. 

When a film containing carbon black, black pigment, or 
black dye is used as the gap-forming layer, then the light- 
absorbing performance is excellent, and it is possible to 
improve the contrast. When a transparent film having a poor 
light-scattering property is used as the gap-forming layer, 
then the light scattering can be suppressed, and the 
contrast can be enhanced by combining the film with an 
adhesive having an excellent light-absorbing property (or an 
adhesive having a light -absorbing property enhanced by 
adding black dye or black pigment). 

The size of the gap-forming layer is set as follows, 
for example, as exemplified by the case in which the 
actuator element is displaced to be convex toward the 
optical waveguide plate. That is, the small limit (minimum 
value) of the gap amount is set to be such a degree that the 
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leakage of light caused by the evanescent effect upon 
OFF state of the pixel can be neglected. The large limit 
(maximum value) of the gap amount is set to be within a 
range in which the pixel structure can make contact with the 
optical waveguide plate in accordance with the displacement 
of the actuator element. Therefore, the thickness of the 
gap-forming layer is adjusted so that the gap amount is set 
to be within the range described above. However, the 
difference in height between the pixel structure and the 
crosspiece is controllable depending on various embodiments 
of the display device. The thickness of the gap-forming 
layer may be optimized in accordance therewith. 

in the display device constructed as described above, 
it is also preferable that the crosspiece is formed at 
portions around four corners of each of the pixel structure 
(invention as defined in claim 5). The term -portions 
around the four corners of the pixel structure" includes, 
for example, positions corresponding to the respective 
corners when the pixel structure has. for example, a 
rectangular or elliptic planar configuration. The term 
refers to a form in which one crosspiece is sheared by the 
adjoining pixel structure. In this arrangement, four 
crosspieces are formed for one unit of the pixel structure. 
Accordingly, the vibration, which is caused by the 
displacement action of a certain actuator element, is 
effectively absorbed. As a result, the displacement action 
of the other actuator elements is scarcely and hardly 
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affected thereby. *s a result, the correspondence xs w... 
l„,proved between the displacement and the ON operatlon/OFF 
operation for all of the pixels. It is possible to 
faithfully display a picture image corresponding to the 
inputted image signal. Further, the actuator substrate and 
the optical waveguide plate are tightly secured to one 
another . 

It is also preferable that the crosspiece is formed to 
have a window for surrounding at least one pixel structure 
(invention as defined in claim 6). * representative example 
is constructed, for example, such that the crosspiece itself 
IS formed to have a plate-shaped configuration, and the 
Window (opening) is formed at a position corresponding to 
the pixel structure. Accordingly, an arrangement is 
achieved, in which all side surfaces of the pixel structure 
are surrounded by the crosspiece. The actuator substrate 
and the optical waveguide plate are secured to one another 
more tightly. Further, the vibration caused by the 
displacement action of a certain actuator element does not 
affect the displacement action of the other actuator 

elements at all. 

It is also preferable that the crosspiece is 
constructed such that it includes a stripe-shaped opening 
Which extends along a direction of an array of the pixel 
structures and which surrounds the array of the pixel 
structures (invention as defined in claim 7). 
Alternatively, it is also preferable that the crosspiece is 
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formed to have a line-shaped configuration which extends 
along a direction of an array of the pixel structures 
(invention as defined in claim 8). 

It is also preferable that the crosspiece is formed 
integrally with the actuator substrate (invention as defined 
in claim 9). In this arrangement, it is possible to improve 
the mechanical strength of the portion at which the 
crosspiece is formed. Accordingly, the rigidity of the 
actuator substrate is increased. As a result, the actuator 
element, which is formed on the actuator substrate, can be 
protected with the crosspiece, for example, when the 
actuator substrate is carried or stored. The step of 
hardening the crosspiece can be omitted, as compared with 
the case in which the crosspiece is formed separately. 
Thus, it is possible to reduce the number of production 
steps. 

it is also preferable that the crosspiece is 
constructed by a wire member which extends along a direction 
of an array of the pixel structures (invention as defined in 
claim 10) . 

in the display device constructed as described above, 
it is also preferable that a recess is formed on a surface 
of the pixel structure (invention as defined in claim 11). 
in this arrangement, the number of recesses to be formed or 
the size of the recess is defined depending on the area of 
the pixel structure opposing to the optical waveguide plate. 
By doing so, it is possible to provide a substantially 
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^«.t area with respect to the optical waveguide 
identical contact area witn i. v 

p,ate concerning the respective pixel structures. Thus, it 
,s possible to obtain . unlfoon brightness for ell of the 
pixels. The presence of the recess mitigate the tight 

4->,o ni^el structure and the optical 
contact between the pxxel strut. 

waveguide plate. Thus, the pixel structure Is smoothly 
separated fro-n the optical waveguide plate. As a result, 
the Pixel structure can be prevented from adhesion to the 
optical waveguide plate. Thus. It is possible to 
effectively realize a high response speed. 

^««c=i-T-iicted as described above. 
In the display device constructea a 

V.-. a step is formed on a surface of 

it is also preferable that a step is 

the pixel structure (Invention as defined in claim 12). m 
this arrangement, the provision of the step on the pixel 
.tructure maKes it possible to obtain a constant area of 
portion Of the pixel structure to maXe contact with the 
optical waveguide plate for all of the pixels. It Is 
possible to Obtain a uniform brightness for all of the 
pixels. The presence of the step mitigate the tight contact 
hetween the pixel structure and the optical waveguide plate, 
.coordlngly. the pixel structure can be prevented from 
adhesion to the optical waveguide plate, and thus it is 
possible to effectively realize a high response speed. 

X„ the display device constructed as described above, 
.t is also preferable that a surface of the pixel structure 
nas a concave configuration (invention as defined in claim 
13). «hen the actuator element maXes displacement, the 
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central portion of the pixel structure tends to 
largest displacement amount. Therefore, when the surface of 
the pixel structure is allowed to have the concave 
configuration so that the central portion of the pixel 
structure is concave, the surface of the pixel structure is 
approximately flat when the actuator element makes 
displacement to allow the pixel structure to make contact 
with the optical waveguide plate. Accordingly, it is 
possible to increase the contact area of the pixel structure 
with respect to the optical waveguide plate. 

When the depth of the concave curve is increased, a 
state is given, in which the central portion of the pixel 
structure does not arrive at the optical waveguide plate 
when the pixel structure makes contact with the optical 
waveguide plate, giving a state in which a recess is formed 
on the surface of the pixel structure in a simulated manner. 
Accordingly, the tight contact between the pixel structure 
and the optical waveguide plate is mitigated. Thus, the 
pixel structure is smoothly separated from the optical 
waveguide plate. As a result, the pixel structure can be 
prevented from adhesion to the optical waveguide plate, and 
it is possible to effectively realize a high response speed. 

The arrangement in which the recess is formed on the 
surface of the pixel structure, the arrangement in which the 
step is formed on the surface of the pixel structure, and 
the arrangement in which the surface of the pixel structure 
has the concave configuration may be realized singly 
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respectively, or t.ay may arbitrarily combined 
other. The combination of tnem ma.es It possible to obtain 
tne synergistic effect on tbe basis of tbe respective 

arrangements. 

^ the present invention. 

According to another aspect of the pr 

tbere Is provided a method for producing a display device 
.omprlslng a crossplece-f ormlng step of for^ng a pluralrty 
Of orosspleces at portions other than actuator elements. 

„,th the actuator elements 

an actuator substrate arranged with the 

corresponding to a large number of pLels: a pixel-forming 
..ep of forming pixel structures on the respective actuator 

,>,«i-r-ate- and a pressurizing step 
elements on the actuator substrate, ana P 

,-s«rT an oDticaL waveguide plate in 
of laminating and pressurizing an optxc 

... r^■i■!r^»l structures are not 
a state in which at least the pxxel stru 

i*»ast the pixel structures 
hardened, and then hardening at least the P 

(invention as defined in claim 14). 

structures are not hardened includes a state in which all of 
staced films are not hardened, and a state in which a part 
Of films are not hardened, when the pixel structure is 
constructed hy a plurality of stacked films (multiple 

layered structure). 

X„ this aspect. It IS possible to obtain the precise 
positional alignment for the pixel structure and the 

» the actuator substrate, as well 
crosspleoe with respect to the actua 

as It is possible to obtain the strong adhesive force, 
.urther. the cleanness of the optical waveguide plate can 
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highly maintained, because the optical waveguide plate is 

finally laminated. 

According to still another aspect of the present 
invention, there is provided a method for producing a 
display device, comprising a crosspiece-formlng step of 
forming a plurality of crosspieces at portions other than 
portions corresponding to a large number of actuator 
elements, of an optical waveguide plate= a pixel-forming 
step Of forming pixel structures at portions corresponding 
to the large number of pixels, of the optical waveguide 
plate, and a pressurizing step of laminating an actuator 
substrate arranged with actuator elements of a number 
corresponding to the large number of pixels, on the 
crosspieces and the pixel structures, and pressurizing the 
optical waveguide plate and the actuator substrate in 
directions to maXe approach to one another (invention as 

defined in claim 15). 

in this method, the pixel structures and the 
crosspieces are formed on the optical waveguide plate, and 
the actuator substrate is laminated thereon. This method is 
advantageous In that the area of the pixel (contact area 
with respect to the optical waveguide plate) is easily 
defined, because the pixel structures are directly formed on 

the optical waveguide plate. Further, it is easy to obtain 

a uniform brightness for all of the pixels. 

According to still another aspect of the present 

invention, there is provided a method for producing a 
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display device, comprising a crosspiece 
forming a plurality of crosspieces at portions other than 
actuator elements, of an actuator substrate arranged with 
the actuator elements corresponding to a large number of 
pixels; a pixel-forming step of forming pixel structures at 
portions corresponding to the large number of pixels, of an 
optical waveguide plate; and a pressurizing step of 
laminating a surface of the actuator substrate formed with 
the crosspieces and a surface of the optical waveWide plate 
formed with the pixel structures with each other. ^ and 
pressuring the optical waveguide plate and the/actuator 
substrate in directions to make approach^to one another 
(invention as defined in claim 16).'" 

in this method, the pixel structures are formed on the 
optical waveguide plate, and the crosspieces are formed on 
the actuator substrate. After that, the optical waveguide 
plate and the actuator substrate are laminated with each 
other . 

In this aspect, the formation of the pixel structures 
and the formation of the crosspieces can be performed in the 
steps which are independent from each other. Accordingly, 
the range of material selection is widened concerning the 
pixel structure and the crosspiece. Thus, it is possible to 
reduce the production cost and the number of production 
steps- Further, the size of the pixel structure can be made 
uniform, because the pixel structures are formed on the 
optical waveguide plate which has high flatness. 
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According to still another aspect 
invention, there is provided a method for producing a 
display device, comprising a crosspiece- forming step of 
forming a plurality of crosspieces at portions other than 
portions corresponding to a large number of actuator 
elements, of an optical waveguide plate; a pixel-forming 
step of forming pixel structures on respective actuator 
elements of an actuator substrate arranged with the actuator 
elements of a number corresponding to the large number of 
pixels; and a pressurizing step of laminating a surface of 
the actuator substrate formed with the pixel structures and 
a surface of the optical waveguide plate formed with the 
crosspieces with each other, and pressuring the optical 
waveguide plate and the actuator substrate in directions to 
.axe approach to one another (invention as defined in claim 
17) . 

in this method, the crosspieces are formed on the 
optical waveguide plate, and the pixel structures are formed 
on the actuator substrate. After that, the optical 
waveguide plate and the actuator substrate are laminated 

with each other. 

Also in this aspect, the formation of the pixel 
structures and the formation of the crosspieces can be 
performed in the steps which are independent from each 
other. Accordingly, the range of material selection is 
widened concerning the pixel structure and the crosspiece. 
Thus, it is possible to reduce the production cost and the 
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number of production steps. Further, the height ot rne 
crosspiece can be made strictly uniform, because the 
crosspieces are formed on the optical waveguide plate which 
has high flatness. Furthermore, for example, no obstacle 
(for example, the crosspiece) exists upon the formation of 
the pixel structure. Therefore, it is possible to 
accurately form the pixel structure. 

According to still another aspect of the present 
invention, there is provided a method for producing a 
display device, comprising a pixel-forming step of forming 
pixel structures on respective actuator elements of an 
actuator substrate arranged with the actuator elements of a 
number corresponding to a large number of pixels and 
integrally having a plurality of crosspieces at portions 
other than the actuator elements; and a pressurizing step of 
laminating and pressurizing an optical waveguide plate in a 
state in which at least the pixel structures are not 
hardened, and then hardening at least the pixel structures 
(invention as defined in claim 18). 

in this method, the pixel structures are formed on the 
actuator substrate which is previously provided with the 
crosspieces in the integrated manner. After that, the 
optical waveguide plate is laminated and pressurized. 

In this aspect, the actuator substrate, which 
previously has the crosspieces in the integrated manner, is 
used as the actuator substrate. Therefore, the portion of 
the crosspiece has high mechanical strength. Accordingly, 



- 21 



2-^ 



the rigidity of Llie actuator substrate is iiicxBcised. As a 

result, for example, when the actuator substrate is carried 
or stored, the crosspieces can be used to protect the 
actuator elements formed on the actuator substrate. The 
5 step of hardening the crosspieces can be omitted, as 

compared with the case in which the crosspieces are 
separately formed. Thus, it is possible to reduce the 
number of production steps. 

In the production methods described above, the optical 
iff waveguide plate is laminated and pressurized in the state in 

^^'j which at least the pixel structures are not hardened. 

M Accordingly, the optical waveguide plate presses the 

ill crosspieces and the pixel structures toward the actuator 

substrate during the pressurizing process. Thus, a 
la substantially identical surface is formed by the upper 

surface of the pixel structure and the upper surface of the 
crosspiece when at least the pixel structure is hardened. 

In this aspect, a material, with which the pixel 
structure is contracted upon the hardening of the pixel 
20 structure, is used as the constitutive material for the 

pixel structure. By doing so, it is possible to form a gap 
between the optical waveguide plate and the pixel structure 
during the hardening process for the crosspiece and the 
pixel structure. 

25 Other methods are available to form the gap. That is, 

for example, when the optical waveguide plate is laminated 
and pressurized, the pixel structure is heated and expanded, 
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structure to make contact with the optical waveguide plate. 
It is also possible to adopt a combination of the methods as 
described above. After that, when the crosspiece and the 
pixel structure are hardened, a constant gap is formed 
between the pixel structure and the optical waveguide plate 
in accordance with the contraction of the pixel structure or 
the displacement reset (restoration) of the actuator 
element . 

Another arrangement is available, in which the pixel 
structure contacts with the optical waveguide plate in the 
natural state. This arrangement is applicable to a case in 
which the displacement action of the actuator element 
resides in the displacement of the pixel structure in a 
direction to make separation from the optical waveguide 
plate . 

In the production methods described above, it is 
preferable that the crosspiece is hardened, or the 
crosspiece is partially hardened when the optical waveguide 
plate is laminated. In this arrangement, the crosspiece 
acts as a spacer to define the distance between the actuator 
substrate and the optical waveguide plate. 

According to still another aspect of the present 
invention, there is provided a method for producing a 
display device, comprising a crosspiece-f orming step of 
forming a plurality of crosspieces at portions other than 
actuator elements, of an actuator substrate arranged with 
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number of pixels; a pixel -forming step of forming pixel 
structures on the respective actuator elements of the 
actuator substrate; a first laminating step of laminating a 
plate member in a state in which at least the pixel 
structures are not hardened; a pressurizing step of 
pressurizing the actuator substrate and the plate member in 
directions to make approach to one another, and then 
hardening at least the pixel structures; and a second 
laminating step of removing the plate member, and then 
laminating an optical waveguide plate at least on the 
crosspieces (invention as defined in claim 19). 

In this method, the plate member is once laminated on 
the actuator substrate which is formed with the pixel 
structures and the crosspieces to give a substantially 
identical surface for the respective upper surfaces of the 
pixel structures and the crosspieces. After that, the plate 
member is removed, and the optical waveguide plate is 
laminated. 

In this aspect, it is possible to obtain the precise 
positional alignment and the strong adhesive force for the 
pixel structure and the crosspiece with respect to the 
actuator substrate . 

The crosspieces, which have been formed on the actuator 
substrate, serve as the spacer when the plate member is 
laminated and pressurized on the actuator substrate. Thus, 
the distance is defined between the actuator substrate and 
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the plate memb ^ir-; i-f — fefe e crosspieces are h arden ed — ot xf 

the crosspieces are partially hardened when the optical 
waveguide plate is laminated, the distance defined as 
described above corresponds to the distance between the 
5 actuator substrate and the optical waveguide plate. 

When a smooth plate member is used as the plate member, 
a smooth surface equivalent to the surface of the plate 
member is formed on the surface of the pixel structure. The 
excellent smoothness is useful to improve the brightness 
lipj when the pixels cause light emission. It is preferable that 

1^1 a releasing agent is applied to the plate member, 

Q: In the method described above, it is also preferable 

that only the crosspieces are subjected to figuring 
(crosspiece formation figuring hardening) after the 
li^j formation of the crosspieces on the actuator substrate. 

:3 When the plate member is laminated, it is possible to 

£l compensate the portion at which the crosspiece does not abut 

against the plate member, and it is possible to define the 
height of the crosspiece while absorbing the waviness of the 
20 actuator substrate. Further, when the pixel structure is 

formed, the pixel structure is simultaneously formed on the 
crosspiece as well to perform the figuring. Also in this 
arrangement, it is possible to define the height of the 
crosspiece while absorbing the waviness of the actuator 
25 substrate. 

According to still another aspect of the present 
invention, there is provided a method for producing a 
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display device, comprising a crosspiece-f orming step of 

forming a plurality of crosspieces at portions other than 
portions corresponding to a large number of pixels, of a 
plate member; a pixel-forming step of forming pixel 
5 structures at the portions corresponding to the large number 

of pixels, of the plate member; a first laminating step of 
laminating an actuator substrate arranged with actuator 
elements of a number corresponding to the large number of 
pixels on the crosspieces and the pixel structures; a 

HI pressurizing step of pressurizing the plate member and the 

14 actuator substrate in directions to make approach to one 

15 another; and a second laminating step of removing the plate 
;Ti member to transfer the crosspieces and the pixel structures 

to the actuator substrate, and then laminating an optical 
i=S waveguide plate on at least the crosspieces (invention as 

Q defined in claim 20). 

In this method, the pixel structures and the 

crosspieces are formed on the plate member. After hardening 

them respectively, or without hardening them, the actuator 
20 substrate is laminated. Subsequently, the plate member is 

removed, and the optical waveguide plate is laminated. 

In this aspect, for example, it is preferable that a 

releasing agent is applied to the plate member before the 

crosspieces and the pixel structures are formed on the plate 
25 member. By doing so, it is possible to smoothly transfer 

the pixel structures and the crosspieces to the actuator 

substrate . 
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i n t he p r esent iiiveiiLlon, — when the actuator substrate 

is laminated and pressurized on the plate member fojcmed with 
the crosspieces and the pixel structures, the crosspxeces, 
which have been formed on the plate member, serve as the 
spacer to define the distance between the actuator substrate 
and the plate member. When the crosspieces are hardened or 
partially hardened upon the formation of the crosspieces on 
the plate member, the defined distance corresponds to the 
distance between the actuator substrate and the optical 
waveguide plate. 

According to still another aspect of the present 
invention, there is provided a method for producing a 
display device, comprising a crosspiece-f orming step of 
forming a plurality of crosspieces at portions other than 
actuator elements, of an actuator substrate arranged with 
the actuator elements of a number corresponding to a large 
number of pixels; a pixel-forming step of forming pixel 
structures at portions corresponding to the large number of 
pixels, of a plate member; a first laminating step of 
laminating a surface of the actuator substrate formed with 
the crosspieces and a surface of the plate member formed 
with the pixel structures with each other; a pressurizing 
step of pressurizing the plate member and the actuator 
substrate in directions to make approach to one another; and 
a second laminating step of removing the plate member to 
transfer the pixel structures to the actuator substrate, and 
then laminating an optical waveguide plate on at least the 
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In this method, the crosspieces are formed on the 
actuator substrate, and the pixel structures are formed on 
the plate member. The actuator substrate and the plate 
member are laminated with each other. After that, the plate 
member is removed, and the optical waveguide plate is 
laminated. 

In this aspect, the formation of the pixel structures 
and the formation of the crosspieces can be performed in the 
independent steps respectively. Accordingly, the range of 
material selection is widened concerning the pixel structure 
and the crosspiece. Thus, it is possible to reduce the 
production cost and the number of production steps. 
Further, the size of the pixel structure can be made 
uniform, because the pixel structures are formed on the 
plate member which has high flatness. 

According to still another aspect of the present 
invention, there is provided a method for producing a 
display device, comprising a pixel-forming step of forming 
pixel structures on respective actuator elements of an 
actuator substrate arranged with the actuator elements of a 
number corresponding to a large number of pixels; a 
crosspiece-f orming step of forming a plurality of 
crosspieces at portions other than portions corresponding to 
the large number of pixels, of a plate member; a first 
laminating step of laminating a surface of the actuator 
substrate formed with the pixel structures and a surface of 
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the plate member ror i ued with the crosspleces with each 

other; a pressurizing step of pressurizing the plate member 
and the actuator substrate in directions to make approach to 
one another; and a second laminating step of removing the 
5 plate member to transfer the crosspleces to the actuator 

substrate, and then laminating an optical waveguide plate on 
at least the crosspleces (invention as defined in claim 22). 

In this method, the pixel structures are formed on the 
actuator substrate, and the crosspleces are formed on the 
& plate member. The actuator substrate and the plate member 

W are laminated with each other. After that, the plate member 

1=-* is removed, and the optical waveguide plate is laminated. 

Also in this aspect, the formation of the pixel 
structures and the foormation of the crosspleces can be 
performed in the independent steps respectively. 
Accordingly, the range of material selection is widened 
concerning the pixel structure and the crosspiece. Thus, it 
is possible to reduce the production cost and the number of 
production steps. Further, the height of the crosspiece can 
20 be made strictly uniform, because the crosspleces are formed 

on the plate member which has high flatness. Furthermore, 
no obstacle (for example, the crosspiece) exists upon the 
formation of the pixel structure. Therefore, it is possible 
to accurately form the pixel structure. 
25 According to still another aspect of the present 

invention, there is provided a method for producing a 
display device, comprising a pixel -forming step of forming 
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pixel structur es on respective actuator elem e nts of a n 

actuator substrate arranged with the actuator elements of a 
number corresponding to a large number of pixels and 
integrally having a plurality of crosspieces at portions 
5 other than the actuator elements; a first laminating step of 

laminating a plate member in a state in which at least the 
pixel structures are not hardened; a pressurizing step of 
pressurizing the actuator substrate and the plate member in 
directions to make approach to one another, and then 
W hardening at least the pixel structures; and a second 

\M laminating step of removing the plate member, and then 

M laminating an optical waveguide plate on at least the 

jjl crosspieces (invention as defined in claim 23). 

In this method, the pixel structures are formed on the 
^ actuator substrate which integrally has the crosspieces. 

Subsequently, the plate member is laminated on the actuator 
'^J substrate. After that, the plate member is removed, and the 

optical waveguide plate is laminated. 

In this aspect, the mechanical strength of the portion 
20 of the crosspiece is high, because the actuator substrate 

previously having the crosspieces in the integrated manner 
is used as the actuator substrate. Accordingly, the 
rigidity of the actuator substrate is increased. As a 
result, the actuator element, which is formed on the 
25 actuator substrate, can be protected with the crosspiece, 

for example, when the actuator substrate is carried or 
stored. The step of hardening the crosspiece can be 
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omitted, as c o m parecl with the, case 1n which the crosspiece 

is separately formed. Thus, it is possible to reduce the 
number of production steps. 

According to still another aspect of the present 
5 invention, there is provided a method for producing a 

display device, comprising a pixel-forming step of forming 
pixel structures on respective actuator elements of an 
actuator substrate arranged with the actuator elements of a 
number corresponding to a large number of pixels; a first 
y) laminating step of using a jig including, on one surface of 

a plate member, a large number of size-defining members 
1^: formed to have substantially the same height as that of 

\ti crosspieces to be formed on the actuator substrate to 

laminate a surface of the jig formed with the size-defining 
;1S members and a surface of the actuator substrate formed with 

O the pixel structures with each other; a pressurizing step of 

£1 pressurizing the jig and the actuator substrate in 

directions to make approach to one another; a crosspiece- 
forming step of removing the jig, and then forming the 
20 plurality of crosspieces at portions other than the actuator 

sections, of the actuator substrate; and a second laminating 
step of laminating an optical waveguide plate on at least 
the crosspieces on the actuator substrate (invention as 
defined in claim 24). 
25 In this method, the pixel structures are formed on the 

actuator substrate. Subsequently, the jig including the 
large number of size -defining members formed on the plate 
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pressurized, and thus the size of the pixel structures is 
defined. After that, the jig is removed, the crosspieces 
are formed on the actuator substrate, and then the optical 
5 waveguide plate is laminated. 

In this aspect, for example, when the jig is 
constructed by a member having rigidity such as metal, the 
waviness of the actuator substrate formed with the pixel 
structures can be reduced by laminating and pressurizing the 
14) jig and the actuator substrate. The crosspieces can be 

Q formed highly accurately in the crosspiece-f orming step 

y] performed thereafter. 

According to still another aspect of the present 
invention, there is provided a method for producing a 
15 display device, comprising a pixel-forming step of forming 

Q pixel structures on respective actuator elements of an 

II actuator substrate arranged with the actuator elements of a 

number corresponding to a large number of pixels; a first 
laminating step of using a jig including, on one surface of 
20 a plate member, a large number of size- defining members 

formed to have substantially the same height as that of 
crosspieces to be formed on the actuator substrate to 
Iciminate a surface of the jig formed with the size-defining 
members and a surface of the actuator substrate formed with 
25 the pixel structures with each other; a pressurizing step of 

pressurizing the jig and the actuator substrate in 
directions to make approach to one another; a crosspiece- 
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£oCT iing step of removing "b fe e jig, — and then forming the 

plurality of crosspieces at portions other than portions 
corresponding to the large number of pixels, of an optical 
waveguide plate; and a second laminating step of laminating 
5 a surface of the actuator substrate formed with the pixel 

structures and a surface of the optical waveguide plate 
formed with the crosspieces with each other (invention as 
defined in claim 25). 

In this method, the pixel structures are formed on the 
HI actuator substrate. Subsequently, the jig including the 

U| plate member provided with the large number of size-defining 

yi members and the actuator substrate are laminated with each 

\ft other to pressurize them. Thus, the size of the pixel 

" structures is defined. After the jig is removed, the 

t$ crosspieces are formed on the optical waveguide plate, and 

the optical waveguide plate and the actuator substrate are 
S laminated with each other. 

Also in this aspect, for example, when the jig is 
constructed by a member having rigidity such as metal, the 
20 waviness of the actuator substrate formed with the pixel 

structures can be reduced by laminating and pressurizing the 
jig and the actuator substrate. The optical waveguide plate 
can be laminated highly accurately thereafter. Further, the 
height of the crosspiece can be made strictly uniform, 
25 because the crosspieces are formed on the optical waveguide 

plate which has high flatness. 

According to still another aspect of the present 
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display device, comprising a pixel-forming step of forming 
pixel structures on respective actuator elements of an 
actuator substrate arranged with the actuator elements of a 
number corresponding to a large number of pixels; a 
crosspiece-f orming step of using a jig including, on one 
surface of a plate member, a large number of size-defining 
members formed to have substantially the same height as that 
of crosspieces to be formed on the actuator substrate to 
form the plurality of crosspieces at portions formed with no 
size-defining member, of a surface of the jig formed with 
the size-defining members, the portions being other than 
portions corresponding to the large number of pixels; a 
first laminating step of laminating the surface of the jig 
formed with the size-defining members and the crosspieces 
and a surface of the actuator substrate formed with the 
pixel structures with each other; a pressurizing step of 
pressurizing the jig and the actuator substrate in 
directions to make approach to one another; and a second 
laminating step of removing the jig to transfer the 
crosspieces to the actuator substrate, and then laminating 
an optical waveguide plate on at least the crosspieces on 
the actuator substrate (invention as defined in claim 26). 

In this method, the pixel structures are formed on the 
actuator substrate, and the crosspieces are formed on the 
jig including the plate member provided with the large 
niamber of size-defining members. The actuator substrate and 
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the j i g are lam ina;te d with each oth e r to pressurize th e m. 

Thus, the size of the pixel structures is defined. After 
that, the jig is removed, the crosspieces are transferred to 
the actuator substrate, and the optical waveguide plate is 
5 Iciminated. 

Also in this aspect, for example, when the jig is 
constructed by a member having rigidity such as metal, the 
waviness of the actuator substrate formed with the pixel 
structures can be reduced by laminating and pressurizing the 
IS 3^9 actuator substrate. The crosspieces and the 

pixel structures can be formed highly accurately. 

According to still another aspect of the present 
Iff invention, there is provided a method for producing a 

" display device, comprising a crosspiece-f orming step of 

K forming a plurality of crosspieces at portions other than 

SI 

actuator elements, of an actuator substrate arranged with 
=£f the actuator elements of a number corresponding to a large 

number of pixels; a pixel-forming step of forming pixel 
structures on the respective actuator elements of the 
20 actuator substrate; a first laminating step of using a jig 

including, on one surface of a plate member, a large number 
of size-defining members formed to have substantially the 
same height as that of the crosspieces to be formed on the 
actuator substrate to laminate a surface of the jig formed 
25 with the size-defining members and a surface of the actuator 

substrate formed with the crosspieces and the pixel 
structures with each other; a pressurizing step of 
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pressurizing the jig and the actuator substrate in 
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directions to make approach to one another; and a second 
laminating step of removing the jig, and then laminating an 
optical waveguide plate on at least the crosspieces on the 
actuator substrate (invention as defined in claim 27). 

In this method, the pixel structures and crosspieces 
are formed on the actuator substrate. The actuator 
substrate and the jig including the plate member provided 
with the large number of size-defining members are laminated 
with each other to pressurize them. Thus, the size of the 
crosspieces and the pixel structures is defined. After 
that, the jig is removed, and the optical waveguide plate is 
laminated. 

Also in this aspect, for example, when the jig is 
constructed by a member having rigidity such as metal, the 
waviness of the actuator substrate formed with the pixel 
structures and the crosspieces can be reduced by laminating 
and pressurizing the jig and the actuator substrate. The 
crosspieces and the pixel structures can be formed highly 
accurately. 

According to still another aspect of the present 
invention, there is provided a method for producing a 
display device, comprising a crosspiece- forming step of 
forming a plurality of crosspieces at portions other than 
actuator elements, of an actuator substrate arranged with 
the actuator elements of a number corresponding to a large 
number of pixels; a pixel-forming step of using a jig 
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inc ludla g^ — on one s urface of a plate member, — a large numb er — 
of size-defining members formed to have substantially the 
same height as that of the crosspieces to be formed on the 
actuator substrate to form pixel structures at portions 
corresponding to the large number of pixels, the portions 
being formed with no size-defining member, of a surface of 
the jig formed with the size-defining members; a first 
laminating step of laminating the surface of the jig formed 
with the size-defining members and the pixel structures and 
a surface of the actuator substrate formed with the 
crosspieces with each other; a pressurizing step of 
pressurizing the jig and the actuator substrate in 
directions to make approach to one another; and a second 
laminating step of removing the jig to transfer the pixel 
structures to the actuator substrate, and then laminating an 
optical waveguide plate on at least the crosspieces on the 
actuator substrate (invention as defined in claim 28). 

In this method, the crosspieces are formed on the 
actuator substrate. The pixel structures are formed on the 
jig including the plate member provided with the large 
number of size-defining members. The actuator substrate and 
the jig are laminated with each other to pressurize them. 
Thus, the size of the crosspieces and the pixel structures 
is defined. After that, the jig is removed, the pixel 
structures are transferred to the actuator substrate, and 
then the optical waveguide plate is laminated. 

Also in this aspect, for example, when the jig is 
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con s t rue te< L-b y a member having rigid i ty s uch as meta l , — the 

waviness of the actuator substrate formed with the pixel 
structures can be reduced by laminating and pressurizing the 
jig and the actuator substrate. The crosspieces and the 
pixel structures can be formed highly accurately. 

According to still another aspect of the present 
invention, there is provided a method for producing a 
display device, comprising a crosspiece-f orming step of 
using a Jig including, on one surface of a plate member, a 
large number of size-defining members foarmed to have 
substantially the same height as that of crosspieces to be 
formed on an actuator substrate to form the plurality of 
crosspieces at portions formed with no size-defining member, 
of a surface of the jig formed with the size-defining 
members, the portions being other than portions 
corresponding to a large number of pixels; a pixel-forming 
step of forming pixel structures at portions corresponding 
to the large number of pixels, the portions being formed 
with no size-defining member, of the surface of the jig 
formed with the size-defining members; a first laminating 
step of laminating the actuator substrate arranged with 
actuator elements of a number corresponding to the large 
number of pixels on the crosspieces and the pixel structures 
on the jig; a pressurizing step of pressurizing the jig and 
the actuator substrate in directions to make approach to one 
another; and a second laminating step of removing the jig to 
transfer the crosspieces and the pixel structures to the 
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actuator substrate, and then laminating an optical waveguxde- 
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plate on at least the crosspieces (invention as defined in 
claim 29) . 

In this method, the crosspieces and the pixel 
structures are formed on the jig including the plate member 
formed with the large number of size-defining members. The 
jig and the actuator substrate are laminated with each other 
to pressurize them. Thus, the size of the crosspieces and 
the pixel structures is defined. After that, the jig is 
removed, the crosspieces and the pixel structures are 
transferred to the actuator substrate, and the optical 
waveguide plate is laminated. 

Also in this aspect, for example, when the jig is 
constructed by a member having rigidity such as metal, the 
waviness of the actuator substrate can be reduced by 
laminating and pressurizing the jig and the actuator 
substrate. The crosspieces and the pixel structures can be 
transferred to the actuator substrate highly accurately. 

In the production methods in which the crosspieces are 
formed on the plate member or the jig, of the production 
methods described above, it is also preferable that the 
members for constructing the crosspieces are laminated on 
the plate member or the jig by utilizing surface tension of 
liquid (invention as defined in claim 30). In this 
cirrangement , the plate member or the jig can be easily 
removed thereafter. 

In the production methods in which the crosspieces are 
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f ormed on t he plate member or the jig^ of the production 

methods described above, it is also preferable that the 
crosspieces are formed at the concerning portions of the 
plate member or the jig, and then the crosspieces are 
5 hardened (invention as defined in claim 31). 

It is also preferable that in the pressurizing step of 
the production methods described above, at least the pixel 
structures are hardened while pressurizing the actuator 
substrate and the member to be pressurized together with the 

^ actuator substrate (invention as defined in claim 32). It 

is also preferable that the optical waveguide plate includes 

3' a gap-forming layer at a portion corresponding to the 

^ crosspiece (invention as defined in claim 33). 

iJ I 

In the methods described above, it is also preferable 
id that a gap- forming layer is previously formed on the 

crosspiece before laminating the optical waveguide plate 
(invention as defined in claim 34). In this arrangement, 
the presence of the gap-forming layer makes it easier to 
obtain a uniform gap between the pixel structure and the 
20 optical waveguide plate for all of the pixels. The size of 

the gap can be easily controlled as well. 

VJhen the optical waveguide plate, the plate member, or 
the jig is laminated and pressurized in the state in which 
at least the pixel structures are not hardened upon the 
25 lamination of the plate member or the jig and the actuator 

substrate or upon the lamination of the optical waveguide 
plate and the actuator substrate, the optical waveguide 
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plate, the plate member, or the J ly p resse s the crosspiGcoa 
and the pixel structures toward the actuator substrate 
during the pressurizing process. The upper surface of the 
crosspiece and the upper surface of the pixel structure form 
a substantially identical surface at least when the pixel 
structures are hardened. 

In this arrangement, a material, with which the pixel 
structure is contracted upon the hardening of the pixel 
structure, is used as the constitutive material for the 
pixel structure. By doing so, it is possible to form a gap 
between the pixel structure and the optical waveguide plate 
during the hardening of the crosspiece and the pixel 



structure 



Other methods are available to form the gap. That is. 
is for example, when the optical waveguide plate is laminated 

a and pressurized, the pixel structure is heated and expanded, 

5j or the actuator element is displaced to allow the pixel 

structure to make contact with the optical waveguide plate. 
It is also possible to adopt a combination of the methods as 
20 described above. After that, when the crosspiece and the 

pixel structure are hardened, a constant gap is formed 
between the pixel structure and the optical waveguide plate 
in accordance with the contraction of the pixel structure or 
the displacement reset (restoration) of the actuator 

25 element. 

Another arrangement is available, in which the pixel 
structure contacts with the optical waveguide plate in the 
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natural state. This arrangement is applicable to a case in 

which the displacement action of the actuator element 
resides in displacement in a direction in which the pixel 
structure is separated from the optical waveguide plate. 

In the production methods described above, it is 
preferable that the crosspiece is hardened, or the 
crosspiece is partially hardened when the plate member or 
the optical waveguide plate is laminated on the actuator 
substrate. In this arrangement, the crosspiece acts as a 
spacer to define the distance between the actuator substrate 
and the plate member or the optical waveguide plate. 

It is also preferable that when the actuator substrate 
and the member (the optical waveguide plate, the plate 
member, or the jig) to be pressurized together with the 
actuator substrate are pressurized, a preliminary treatment 
is performed for gap formation, and a predetermined gap is 
formed between the pixel structure and the optical waveguide 
plate during the hardening of at least the pixel structures 
performed thereafter (invention as defined in claim 35). 

This arrangement resides in the method having been 
already explained. That is, when the optical waveguide 
plate, the plate member, or the jig is laminated and 
pressurized, the pixel structure is heated and expanded, or 
the actuator element is displaced to allow the pixel 
structure to make contact with the optical waveguide plate, 
the plate member, or the jig. When this method is adopted, 
it is easy to form a constant gap between the pixel 
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structures and the optical waveguide plale. It is possible 

to obtain a uniform brightness for all of the pixels. 

Especially, it is preferable that a vacuum packaging 
method is used to pressurize the actuator substrate and the 
member (the optical waveguide plate, the plate member, or 
the jig) to be pressurized together with the actuator 
substrate (invention as defined in claim 36). That is, for 
example, even when the actuator substrate involves warpage 
and waviness, it is possible to uniformly pressurize the 
actuator substrate and the optical waveguide plate, the 
plate member, or the jig. Accordingly, the optical 
waveguide plate, the plate member, or the jig and the 
actuator substrate are adopted to one another. Therefore, 
when the optical waveguide plate is laminated, a constant 
gap can be finally formed between all of the pixel 
structures and the optical waveguide plate. 

If the thickness is dispersed among the pixel 
structures, the displacement (displacement amount) of the 
actuator element after the formation of the pixel is greatly 
dispersed. However, according to this method, the thickness 
is uniformly formed for all of the pixel structures. 
Therefore, it is possible to suppress such dispersion in 
displacement (displacement amount) of the actuator element. 

Owing to the fact that the dispersion scarcely occurs 
in the thickness of the pixel structure, there is no 
dispersion in deformation of the pixel structure caused by 
thermal expansion or contraction. It is advantageous that 
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heat is exerted. 

It is also preferable that a low pressure press method 
is used to pressurize the actuator substrate and the member 
(the optical waveguide plate, the plate member, or the jig) 
to be pressurized together with the actuator substrate 
(invention as defined in claim 37). In this arrangement, it 
is possible to decrease the stress applied to the actuator 
substrate. Therefore, it is possible to avoid any damage or 
the like of the actuator element. Further, little 
deformation occurs in the actuator substrate and the optical 
waveguide plate due to the lamination, and the residual 
stress is small. Accordingly, it is possible to improve the 
stability and the durability of the gap. 

In the methods described above, it is also preferable 
that the member (the plate member or the jig), which is used 
to be laminated on the actuator substrate in the first 
laminating step, has a projection at a portion corresponding 
to each of the pixel structures, and a recess corresponding 
to the projection is formed on the surface of the pixel 
structure when the plate member or the jig and the actuator 
substrate are pressurized (invention as defined in claim 
38) . 

In the methods described above, it is also preferable 
that the member (the plate member or the jig), which is used 
to be laminated on the actuator substrate in the first 
laminating step, has a projection at a portion corresponding 
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to each of ~t Tie pixel s true L ures, and r- a step corrosponding to — 

the projection Is formed on the surface of the pixel 
structure when the plate member or the jig and the actuator 
substrate are pressurized (Invention as defined In claim 
39) . 

In the methods described above. It Is also preferable 
that the member (the plate member or the jig), which Is used 
to be laminated on the actuator substrate In the first 
laminating step, has a convex configuration formed at a 
portion corresponding to each of the pixel structures, and a 
concave configuration corresponding to the convex 

si 

J: configuration Is formed on the surface of the pixel 

^ structure when the plate member or the jig and the actuator 

substrate are pressurized (Invention as defined In claim 

m 40) • 

'"==1 

The crossplece and the pixel structure may be formed by 
£1 using the film formation method and the ceramic sintering 

method. The film formation method includes the thick film 
formation method such as the screen printing, the 
20 photolithography method, the film lamination method, the 

spray dipping, the application, and the stamping (the method 
for placing a liquid material as if a stamp is put); and the 
thin film formation method such as the ion beam, the 
sputtering, the vacuum evaporation, the ion plating, CVD, 
25 and the plating. 

The plate member having the projection on the surface 
is used in the method for forming the recess and the step on 
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preferable to use a method in which a metal film or a resist 
film is formed by the general thin film formation method on 
a plate member composed of glass. This method is 
advantageous in that the pattern and the height of the 
projection can be arbitrarily changed. It is preferable 
that the height of the projection is about 0.1 to 2 (im. 

Other methods are available to form the recess or the 
step on the surface of the pixel structure. It is possible 
to use the plane polishing and the laser beam-based surface 
processing for the surface of the pixel structure. The 
laser processing is not directed to the formation of the 
recess, but it also has an effect of surface improvement by 
means of heating. Further, it is possible to arbitrarily 
design the processing pattern. Therefore, the laser 
processing is used especially preferably. 

The method for forming the concave configuration of the 
surface of the pixel structure includes a method of heating 
and a method in which a voltage is applied to the actuator 
element during the hardening of the pixel structure. There 
are a method in which heating is effected during the 
figuring hardening with the plate member, and a method in 
which heating is effected after removing the plate member. 
It is possible to select the method depending on the 
material quality of the pixel structure. The usable heating 
temperature is 15 °C to 150 Especially, a temperature 

of 20 to 80 is preferably used. 
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FIG. 1 shows an arrangement illustrating a display 
device according to a first embodiment; 

FIG. 2 shows a first illustrative arrangement of the 
actuator element and the pixel structure; 

FIG. 3 shows an example of the planar configuration of 
a pair of electrodes formed on the actuator element; 

FIG. 4A illustrates an example in which comb teeth of 
the pair of electrodes are arranged along the major axis of 
the shape -retaining layer; 

FIG. 4B illustrates another example; 

FIG. 5A illustrates an example in which comb teeth of 
the pair of electrodes are arranged along the minor axis of 
the shape-retaining layer; 

FIG. 5B illustrates another example; 

FIG. 6 shows an arrangement illustrating another 
example of the pair of electrodes formed on the actuator 
element ; 

FIG. 7 shows an arrangement illustrating the display 
device when the actuator element is subjected to the bending 
displacement in the second direction to be convex toward the 
hollow space; 

FIG. 8 shows a second illustrative arrangement of the 
actuator element and the pixel structure; 

FIG. 9 shows a third illustrative arrangement of the 
actuator element and the pixel structure; 

FIG. 10 shows a fourth illustrative arrangement of the 
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actuator element and the pixel structure: 



FIG. 11 illustrates an arrangement in which the 
crosspieces are formed at portions around four corners of 
the pixel structures respectively; 
5 FIG. 12 illustrates an arrangement of the crosspiece 

concerning a first modified embodiment; 

FIG. 13 illustrates an arrangement of the crosspiece 
concerning a second modified embodiment; 

FIG. 14 illustrates an arrangement of the crosspiece 
y concerning a third modified embodiment; 

14 FIG- 15 illustrates an arrangement of the crosspiece 

concerning a fourth modified embodiment; 
i^J FIG. 16 illustrates an arrangement of the crosspiece 

concerning a fifth modified embodiment; 
^5 FIG. 17 shows the displacement characteristic of the 

□ actuator element to explain the gradation control based on 

£1 the voltage modulation system; 

FIG. 18 illustrate the dot area and the contact state 
of the pixel and the principle of the gradation control 
20 based on the evanescent effect; 

FIG. 19 shows an arrangement illustrating a display 
device according to a second embodiment; 

FIG. 20 shows an arrangement illustrating a modified 
embodiment of the display device according to a second 
25 embodiment; 

FIG. 21 shows an arrangement illustrating a display 
device according to a third embodiment; 
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FIG> — 22 shows an arrangement illustrat i ng a di s pl ay 



device according to a fourth embodiment ; 

FIG. 23 shows an arrangement illustrating a display 
device according to a fifth embodiment; 

FIG. 24 shows an arrangement illustrating a display 
device according to a sixth embodiment; 

FIG. 25 shows a perspective view illustrating a large 
screen display apparatus based on the display device 
according to the first to sixth embodiments, as viewed from 
the back side; 

FIGS. 26A to 26C show production steps illustrating a 
first production method; 
!7f FIGS. 27A to 27C show production steps illustrating a 

first method of photolithography; 

FIGS- 28A to 28C show production steps illustrating a 
;3 second method of photolithography; 

B FIG. 29 illustrates a film lamination method; 

FIG. 30 illustrates a vacuum packaging method; 
FIG. 31 illustrates a low pressure press method; 
20 FIGS. 32A to 32D show production steps illustrating a 
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second production, method; 

FIGS. 33A to ^^3©- show production steps illustrating a 
third production method; 



FIG. 34 illustrates a state in which a plate member 
25 having projections is used to form a plurality of recesses 

on the pixel structure; 

FIG. 35 illustrates a state in which a plate member 
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having a pro-jection is used tn form a step on tho pixol 

structure; 

FIG. 36 illustrates a state in which a plate member 
having a convex configuration is used to form a concave 
configuration on the pixel structure; 

FIG. 37 illustrates a state in which a plate member 
having projections is used to form the upper end of the 
pixel structure which is higher than the upper end of the 
crosspiece; 

FIGS. 38A to 38B show production steps illustrating an 
example in which the optical waveguide plate is directly 
laminated on the upper surfaces of the crosspieces, 
concerning the third and fourth production methods; 

FIGS. 39A to 39D show production steps illustrating the 
fourth production method; 

FIGS. 40A to 40B show production steps illustrating an 
example in which the optical waveguide plate is laminated on 
the upper surfaces of the crosspieces after forming the gap- 
forming layer on the optical waveguide plate, concerning the 
third and fourth production methods; 

FIGS. 41A to 41C show production steps illustrating a 
fifth production method; 

FIGS. 42A to 42C show production steps illustrating a 
sixth production method; 

FIGS. 43A and 43B show production steps illustrating a 
seventh production method; 

FIGS. 44A to 44C show production steps illustrating an 
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eighth production method (No, 1); 



FIGS. 45A and 45B show production steps illustrating 
the eighth production method (No. 2); 

FIGS. 46A to 46C show production steps illustrating a 
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ninth production method (No. 1); 

FIGS. and show production steps illustrating 

the ninth production method (No. 2); 

FIG. 48 illustrates a state in which the crosspieces 
composed of the film are laminated on the plate member by 
utilizing the surface tension of the liquid (for example, 
water) ; 

FIGS. 49A to 49C show production steps illustrating a 
tenth production method (No. 1); 

FIGS. 50A and 503 show production steps illustrating 
the tenth production method (No. 2); 

FIGS. 51A to 51C show production steps illustrating an 
eleventh production method (No. 1); 

FIGS. 52A and 52B show production steps illustrating 
the eleventh production method (No. 2); 

FIGS. 53A to 53C show production steps illustrating a 
twelfth production method (No. 1); 

FIGS. 54A and 54B show production steps illustrating 
the twelfth production method (No. 2); 

FIGS. 55A to 55C show production steps illustrating a 
thirteenth production method (No. 1); 

FIGS. 56A and 56B show production steps illustrating 
the thirteenth production method (No. 2); 
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FIGS. 57A to 57C show pr oduction steps innstrat i ng a^- 



fourteenth production method (No. 1); 

FIGS. 58A and 58B show production steps illustrating 
the fourteenth production method (No. 2); 

FIGS. 59A to 59C show production steps illustrating a 
fifteenth production method (No. 1); 

FIGS. 60A and 60B show production steps illustrating 
the fifteenth production method (No. 2); 

FIGS. 61A to show production steps illustrating a 
sixteenth production method (No. 1); 

FIGS. 62A and 62B show production steps illustrating 
the sixteenth production method (No. 2); and 

FIG. 63 shows an arrangement of the display device 
concerning the illustrative example suggested by the present 
applicant . 
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BEST MODE FOR CARRYING OUT THE INVENTION 

Several illustrative embodiments of the display device 
and the method for producing the display device according to 
the present invention will be explained below with reference 
to FIGS. 1 to 62B. 

As shown in FIG. 1, a display device Da according to 
the first embodiment comprises an optical waveguide plate 12 
for introducing light 10 from a light source 100 thereinto, 
and a driving section 16 provided opposingly to the back 
surface of the optical waveguide plate 12 and including a 
large number of actuator elements 14 which are arranged 
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corresponding to pixels in a matrix configuration or in a 
zigzag configuration. 

A pixel structure 102 is stacked on each of the 
actuator elements 14. The pixel structure 102 functions to 
increase the contact area with respect to the optical 
waveguide plate 12 so that the area corresponding to the 
pixel is obtained. 

The driving section 16 includes an actuator substrate 
18 composed of, for example, ceramics. The actuator 
elements 14 are arranged at positions corresponding to the 
respective pixels on the actuator substrate 18. The 
actuator substrate 18 has its first principal surface which 
is arranged to oppose to the back surface of the optical 
waveguide plate 12. The first principal surface is a 
continuous surface (flushed surface). Hollow spaces 20 for 
forming respective vibrating sections as described later on 
are provided at positions corresponding to the respective 
pixels at the inside of the actuator substrate 18. The 
respective hollow spaces 20 communicate with the outside via 
through-holes 18a each having a small diameter and provided 
at a second principal surface of the actuator substrate 18. 

The portion of the actuator substrate 18, at which the 
hollow space 20 is formed, is thin-walled. The other 
portion of the actuator substrate 18 is thick-walled. The 
thin-walled portion has a structure which tends to undergo 
vibration in response to external stress, and it functions 
as a vibrating section 22. The portion other than the 



-l iollo w space 20 is Llilck- walled, and it functions as a fixed 
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section 24 for supporting the vibrating section 22. 

That is, the actuator substrate 18 has a stacked 
structure comprising a substrate layer 18A as a lowermost 
layer, a spacer layer 18B as an intermediate layer, and a 
thin plate layer 18C as an uppermost layer. The actuator 
substrate 18 can be recognized as an integrated structure 
including the hollow spaces 20 formed at the positions in 
the spacer layer 18B corresponding to the pixels. The 
substrate layer 18A functions as a substrate for 
reinforcement, as well as it functions as a substrate for 
wiring. The actuator substrate 18 may be sintered in an 
integrated manner, or it may be additionally attached. 

Specified embodiments of the actuator element 14 and 
the pixel structure 102 will now be explained with reference 
to FIGS. 2 to 10. The embodiments shown in FIGS. 2 to 10 
are illustrative of the structure in which the gap-forming 
layer 50 is formed between the crosspieces 70 and the 
optical waveguide plate 12 as described later on. 

At first, as shown in FIG. 2, each of the actuator 
elements 14 comprises the vibrating section 22 and the fixed 
section 24 described above, as well as a shape- retaining 
layer 26 composed of, for example, a 
piezoelectric/electrostrictive layer or an anti- 
ferroelectric layer directly formed on the vibrating section 
22, and a pair of electrodes 28 (a row electrode 28a and a 
column electrode 28b) formed on an upper surface of the 
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sh a pe- retaining layer 2 6-i 

The pair of electrodes 28 may have a structure in which 
they are formed on upper and lower sides of the shape- 
retaining layer 26, or they are formed on only one side of 
the shape-retaining layer 26. However, in order to 
advantageously joint the actuator substrate 18 and the 
shape-retaining layer 26, it is preferable that the pair of 
electrodes 28 are formed only on the upper side {the side 
opposite to the actuator substrate 18) of the shape- 
retaining layer 26 so that the actuator substrate 18 
directly contacts with the shape -retaining layer 26 without 
any difference in height, as in this embodiment. 

The planar configuration of the pair of electrodes 28 
may be a shape in which a large number of comb teeth are 
opposed to one another in a complementary manner as shown in 
FIG. 3. Alternatively, it is possible to adopt, for 
excimple, the spiral configuration and the branched 
configuration as disclosed in Japanese Laid-Open Patent 
Publication No. 10-78549 as well. 

When the planar configuration of the shape -retaining 
layer 26 is, for example, an elliptic configuration, and the 
pair of electrodes 28 are formed to have a comb teeth- shaped 
configuration, then it is possible to use, for example, a 
form in which the comb teeth of the pair of electrodes 28 
are arranged along the major axis of the shape-retaining 
layer 26 as shown in FIGS. 4A and 4B, and a form in which 
the comb teeth of the pair of electrodes 28 are arranged 
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along Ihe minor axis of the sha p e -retaining layor 26 as 
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shown in FIGS. 5A and 5B. 

It is possible to use, for example, the form in which 
the comb teeth of the pair of electrodes 28 are included in 
the planar configuration of the shape-retaining layer 26 as 
shown in FIGS. 4A and 5A, and the form in which the comb 
teeth of the pair of electrodes 28 protrude from the planar 
configuration of the shape-retaining layer as shown in 
FIGS. 4B and 5B. The form shown in FIGS. 43 and 53 are more 
advantageous to effect the bending displacement of the 
actuator element 14. 

The pair of electrodes 28 are arranged, for example, as 
follows as shown in FIG, 6. That is, the row electrode 28a 
is formed on the lower surface of the shape -retaining layer 
26, and the column electrode 28b is formed on the upper 
surface of the shape-retaining layer 26. 

In this embodiment, as shown in FIG. 1, the actuator 
element 14 can be allowed to make bending displacement in 

the first direction so that it is convex toward the optical 

i 

waveguide plate 12. Alternatively, as shown in FIG. 7, the 
actuator element 14 can be allowed to make bending 
displacement in the second direction so that it is convex 
toward the hollow space 20. 

On the other hand, as shown in FIG. 2, for example, the 
pixel structure 102 can be constructed as a stacked 
structure comprising a transparent layer 48, a color filter 
40, and a white scattering element 32 to serve as a 
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displacement - transmitting sootl re n formed on the actuator 

element 14. 

Further, as shown in FIG. 8, a light -reflective layer 
72 may be allowed to intervene as a layer disposed under the 
white scattering element 32. In this arrangement, when the 
light -reflective layer 72 is composed of a conductive layer 
such as those made of metal, it is feared that a short 
circuit may be formed between the pair of electrodes 28a, 
28b of the actuator element 14. Therefore, it is desirable 
that an insulative layer 74 is formed between the light - 
reflective layer 72 and the actuator element 14. 

Another example of the pixel structure 102 is shown, 
for example, in FIG. 9. That is, the pixel structure 102 
can be also constructed by a stacked structure comprising a 
transparent layer 48 and a color scattering element 44 also 
used as the displacement -transmitting section formed on the 
actuator element 14. Also in this case, as shown in FIG. 
10, a light -reflective layer 72 and an insulative layer 74 
may be allowed to intervene between the actuator element 14 
and the color scattering element 44. 

As shown in FIG. 1, the display device Da according to 
the first embodiment comprises the crosspiece 70 formed at 
the portion other than the pixel structure 102 between the 
optical waveguide plate 12 and the actuator substrate 18. 
The embodiment shown in FIG. 1 is illustrative of the case 
in which the optical waveguide plate 12 is directly secured 
to the upper surface of the crosspiece 70. It is preferable 



that the material for the crosspiece 70 is not deformabXe 

against the heat and the pressure. 

The crosspieces 70 can be formed, for example, at 
portions around four corners of the pixel structures 102. 
5 As shown in FIG. 11, the portions around four corners of the 

pixel structure 102 are exemplified by positions 
corresponding to the respective corners, for example, when 
the pixel structure 102 has a rectangular or elliptic planar 
configuration. The portions refer to a form in which one 

M crosspiece 70 is shared by the adjoining pixel structure 

'r\ 102. 

Next, several modified embodiments of the arrangement 

\Z of the crosspiece 70 will be explained with reference to 

y I 

FIGS. 12 to 16. 

At first, the crosspiece according to the first 

□ modified embodiment is shown in FIG. 12. The crosspiece 70 

i£| includes windows 70a for surrounding at least one pixel 

structure 102. The representative illustrative arrangement 
is as follows. That is, for example, the crosspiece 70 

20 itself is formed to have a plate-shaped configuration, and 

the windows (openings) 70a each having a shape similar to 
the outer contour of the pixel structure 102 are formed at 
the positions corresponding to the pixel structures 102. 
Accordingly, an arrangement is given, in which all of the 

25 side surfaces of the pixel structures 102 are surrounded by 

the crosspiece 70. Thus, the actuator substrate 18 and the 
optical waveguide plate 12 are secured to one another more 
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As shown in FIG. 13, the crosspiece according to the 
second modified embodiment includes stripe- shaped openings 
220 each of which extends in the direction of the array of 
the pixel structures and each of which surrounds the array 
of the pixel structures. Each of the openings 220 has an 
opening width which is enough to include one or more arrays . 
This embodiment is illustrative of a case in which the 
opening 220 has an opening width which includes one array of 
the group of pixel structures 102. 

As shown in FIG. 14, the crosspiece 70 according to the 
third modified embodiment has a shape extending linearly 
along the direction of the array of the pixel structures 
102. In this arrangement, as in a crosspiece 70 according 
to a fourth modified embodiment shown in FIG. 15, for 
example, it is also preferable to use a wire member 222 
having a substantially circular cross section. The 
embodiment shown in FIG. 15 is illustrative of the case in 
which the wire member 222 for constructing the crosspiece 70 
is secured to the actuator substrate 18 by using an adhesive 
224. The cross-sectional configuration of the wire member 
222 include, for example, the circular configuration as 
described above as well as elliptic configurations and 
polygonal configurations such as hexagon and octagon. 

As shown in FIG. 16, the crosspiece 70 according to the 
fifth modified embodiment is arranged and formed with 
ceramics integrally with the actuator substrate 18 at 
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portions other than the pixel structures 102, of the 



actuator substrate 18. 

In this embodiment, it is possible to improve the 
mechanical strength of the portion at which the crosspiece 
70 is formed on the actuator substrate 18, Accordingly, the 
rigidity of the actuator substrate 18 is enhanced. As a 
result, for example, the crosspiece 70 can be used to 
protect the actuator element 14, especially the vibrating 
section 22 thereof formed on the actuator substrate 18 when 
to the actuator substrate 18 is carried and stored. 

Explanation will now be made for the respective 
constitutive components of the display device Da, 
especially, for example, for selection of materials for the 
respective constitutive components. 
iES The light 10 to be introduced into the optical 

□ waveguide plate 12 may be any one of those of ultraviolet, 

visible, and infrared regions. Those usable as the light 
source 100 include, for example, incandescent lamp, 
deuterium discharge Icimp, fluorescent lamp, mercury lamp, 
20 metal halide lamp, halogen lamp, xenon lamp, tritium lamp, 

light emitting diode, laser, plasma light source, hot 
cathode tube, and cold cathode tube. 

It is preferable that the vibrating section 22 is 
composed of a highly heat-resistant material, because of the 
25 following reason. That is, when the actuator element 14 has 

the structure in which the vibrating section 22 is directly 



supported by the fixed section 24 without using any material 

N. 
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resistance, the vibrating section 22 is preferably composed 
of a highly heat-resistant material so that the vibrating 
section 22 is not deteriorated in quality at least during 
the formation of the shape-retaining layer 26. 

It is preferable that the vibrating section 22 is 
composed of an electrically insulative material in order to 
electrically separate the wiring (for example, row selection 
line) connected to the row electrode 28a of the pair of 
electrodes 28 formed on the actuator substrate 18, from the 
wiring (for example, signal line) connected to the column 
electrode 2 8b . 

Therefore, the vibrating section 22 may be composed of 
a material such as a highly heat-resistant metal and a 
porcelain enamel produced by coating a surface of such a 
metal with a ceramic material such as glass. However, the 
vibrating section 22 is optimally composed of ceramics. 

Those usable as the ceramics for constructing the 
vibrating section 22 include, for example, stabilized 
zirconium oxide, aluminum oxide, magnesixim oxide, titanium 
oxide, spinel, mullite, aluminum nitride, silicon nitride, 
glass, and mixtures thereof- Stabilized zirconium oxide is 
especially preferred because of, for example, high 
mechanical strength obtained even when the thickness of the 
vibrating section 22 is thin, high toughness, and small 
chemical reactivity with the shape -retaining layer 26 and 
the pair of electrodes 28. The term "stabilized zirconium 
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oxide" includ es stabi lized zirconium oxide and partially 

stabilized zirconiiim oxide. Stabilized zirconium oxide has 
a crystal structure such as cubic crystal, and hence it does 
not cause phase transition. 
5 On the other hand, zirconium oxide causes phase 

transition between monoclinic crystal and tetragonal crystal 
at about 1000 °C- Cracks appear during the phase transition 
in some cases . Stabilized zirconium oxide contains 1 to 30 
mole % of a stabilizer such as calcium oxide, magnesium 
oxide, yttrium oxide, scandium oxide, ytterbium oxide, 
iT? cerium oxide, and oxides of rare earth metals. In order to 

Q. enhance the mechanical strength of the vibrating section 22, 

^ the stabilizer preferably comprises yttrium oxide. In this 

composition, yttrium oxide is contained preferably in an 
£5 amount of 1.5 to 6 mole %, and more preferably 2 to 4 

CI mole %. It is preferable that aluminum oxide is further 

i£= contained in an amount of 0 . 1 to 5 mole % . 

The crystal phase may be, for example, a mixed phase of 
cubic crystal + monoclinic crystal, a mixed phase of 
20 tetragonal crystal + monoclinic crystal, and a mixed phase 

of cubic crystal + tetragonal crystal + monoclinic crystal. 
However, among them, most preferred are those having a 
principal crystal phase composed of tetragonal crystal or a 
mixed phase of tetragonal crystal + cubic crystal, from 
25 viewpoints of strength, toughness, and durability. j 

Vttien the vibrating section 22 is composed of ceramics, 
a large number of crystal grains construct the vibrating 
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section 22. In order to increase the mechanical strength of 
the vibrating section 22, the crystal grains preferably have 
an average grain diameter of 0.05 to 2 \im, and more 
preferably 0.1 to 1 |im. 

The fixed section 24 preferably composed of ceramics. 
The fixed section 24 may be composed of the same ceramic 
material as that used for the vibrating section 22, or the 
fixed section 24 may be composed of a ceramic material 
different from that used for the vibrating section 22. 
Those usable as the ceramic material for constructing the 
fixed section 24 include, for example, stabilized zirconium 
oxide, aluminum oxide, magnesium oxide, titanium oxide, 
spinel, mullite, aluminum nitride, silicon nitride, glass, 
and mixtures thereof, in the same manner as the material for 
the vibrating section 22. 

Especially, those preferably adopted for the actuator 
substrate 18 used in the display device Da according to the 
first embodiment include, for example, materials containing 
a major component of zirconium oxide, materials containing a 
major component of aluminxam oxide, and materials containing 
a major component of a mixture thereof. Among them, those 
containing a major component of zirconium oxide are more 
preferable. 

Clay or the like is added as a sintering aid in some 
cases. However, it is necessary to control components of 
the sintering aid in order not to contain an excessive 
amount of those liable to form glass such as silicon oxide 
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and boron oxide because of the, following reason, That is , 
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although the materials which are liable to form glass are 
advantageous to join the actuator substrate 18 to the shape- 
retaining layer 26, the materials facilitate the reaction 
between the actuator substrate 18 and the shape-retaining 
layer 26, making it difficult to maintain a predetermined 
composition of the shape -retaining layer 26. As a result, 
the materials make a cause to deteriorate the element 
characteristics . 

That is, it is preferable that silicon oxide or the 
like in the actuator substrate 18 is restricted to have a 
weight ratio of not more than 3 %, and more preferably not 
more than 1 %. The term "major component" herein refers to 
a component which exists in a proportion of not less than 
50 % in weight ratio. 

As described above, those usable as the shape-retaining 
layer 26 include piezoelectric/electrostrictive layers and 
anti- ferroelectric layers. However, when the 
piezoelectric/electrostrictive layer is used as the shape- 
retaining layer 26, those usable as the 
piezoelectric/electrostrictive layer include ceramics 
containing, for exeimple, lead zirconate, lead magnesium 
niobate, lead nickel niobate, lead zinc niobate, lead 
manganese niobate, lead magnesium tantalate, lead nickel 
tantalate, lead antimony stannate, lead titanate, barium 
titanate, lead magnesium tungstate, and. lead cobalt niobate, 
or any combination of them. 
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Tt- ifi nftf^rllftgc; to say that the major component contains 

the compound as described* above in an amount of not less 
than 50 % by weight* Among the ceramics described above, 
the ceramics containing lead zirconate is most frequently 

5 used as the constitutive material for the 

piezoelectric/electrostrictive layer for constructing the 
shape-retaining layer 26. 

When the piezoelectric/electrostrictive layer is 
composed of ceramics, it is also preferable to use ceramics 
obtained by appropriately adding, to the cereimics described 

l^f above, oxide of, for example, lanthanum, calcium, strontium, 

3' molybdenum, tungsten, barium, niobium, zinc, nickel, and 

\Z manganese, or any combination thereof or another type of 

compound thereof* For example, it is preferable to use 
ceramics containing, a major component composed of lead 

□ magnesium niobate, lead zirconate, and lead titanate and 

i£i further containing lanthanum and strontium* 

The piezoelectric/electrostrictive layer may be either 
dense or porous. When the piezoelectric/electrostrictive 

20 layer is porous, its porosity is preferably not more than 

40 %. 

When the anti- ferroelectric layer is used as the shape- 
retaining layer 26, it is desirable to use, as the anti- 
ferroelectric layer, a compound containing a major component 
25 composed of lead zirconate, a compound containing a major 

component composed of lead zirconate and lead stannate, a 
compound obtained by adding lanthanum to lead zirconate, and 
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niobate to a component composed of lead zirconate and lead 
stannate. 

Especially, when an anti-ferroelectric film, which 
contains lead zirconate and lead stannate as represented by 
the following composition, is applied as a film- type element 
such as the actuator element 14, it is possible to perform 
driving at a relatively low voltage. Therefore, application 
of such an anti-ferroelectric film is especially preferred. 

Pbo . ggNbo . 02 [ ( Zr^Sn^.^ ) i.yTiy ] o , ^sO^ 
wherein, 0.5<x<0.6, 0.05 <y< 0.063, 0.01 < Nb < 0.03 

The anti-ferroelectric film may be porous. When the 
anti-ferroelectric film is porous, it is desirable that the 
porosity is not more than 30 %. 

It is preferable that the thickness of the vibrating 
section 22 of the actuator substrate 18 have a dimension 
identical to that of the thickness of the shape -retaining 
layer 26 formed on the vibrating section 22, because of the 
following reason. That is, if the thickness of the 
vibrating section 22 is extremely thicker than the thickness 
of the shape-retaining layer 26 (if the former is different 
from the latter by not less than one figure), when the 
shape-retaining layer 26 makes shrinkage upon sintering, the 
vibrating section 22 behaves to inhibit the shrinkage. For 
this reason, the stress at the boundary surface between the 
shape -retaining layer 26 and the actuator substrate 18 is 
increased, and consequently they are easily peeled off from 
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each other. On the contrary, when the dimension of the 

thickness is in an identical degree between the both, it is 
easy for the actuator substrate 18 (vibrating section 22) to 
follow the shrinkage of the shape -retaining layer 26 upon 
sintering. Accordingly, such dimension of the thickness is 
preferred to achieve integration. Specifically, the 
vibrating section 22 preferably has a thickness of 1 to 100 
Hm, more preferably 3 to 50 |im, and much more preferably 5 
to 20 tmi. On the other hand, the shape -retaining layer 26 
preferably has a thickness of 5 to 100 |im, more preferably 5 
to 50 Jim, and much more preferably 5 to 30 |um. 

The pair of electrodes 28 formed on the shape-retaining 
layer 26 are allowed to have an appropriate thickness 
depending on the use or application. However, the thickness 
is preferably 0.01 to 50 jm, and more preferably 0.1 to 5 
\xm. The pair of electrodes 28 are preferably composed of a 
conductive metal which is solid at room temperature. The 
metal includes, for excimple, metal simple substances or 
alloys containing, for example, aluminum, titanium, 
chromium, iron, cobalt, nickel, copper, zinc, niobium, 
molybdenum, ruthenium, rhodium, silver, stannum, tantalum, 
tungsten, iridium, platinum, gold, and lead. It is needless 
to say that these elements may be contained in an arbitrary 
combination. 

The optical waveguide plate 12 has an optical 
refractive index with which the light 10 introduced into the 
inside thereof is totally reflected by the front and back 



- 67 - 



surfaces without being transmitt e d to the outside o£ the 

optical waveguide plate 12, It is necessary for the optical 
waveguide plate 12 to use those having a large and uniform 
light transmittance in the wavelength region of the light to 
5 be introduced. The material for the optical waveguide plate 

12 is not specifically limited provided that it satisfies 
the foregoing characteristic. However, specifically, those 
generally used for the optical waveguide plate 12 include, 
for example, glass, quartz, light -transmissive plastics such 
as acrylic plastics, light- transmissive ceramics, structural 
materials comprising a plurality of layers composed of 

;2 materials having different refractive indexes, and those 

\Z having a surface coating layer. 

^""^ The color layer such as the color filter 40 and the 

;5b color scattering element included in the pixel structure 102 

Q is the layer which is used to extract only the light in a 

ifl specified wavelength region, and it includes, for example, 

those which develops the color by absorbing, transmitting, 
reflecting, or scattering the light at a specified 
20 wavelength, and those which convert incident light into 

light having a different wavelength. The transparent 
member, the semitransparent member, and the opaque member 
can be used singly or in combination. 

The color layer is constructed, for example, as 
25 follows. That is, the color layer includes, for example, 

those obtained by dispersing or dissolving a dyestuff or a 
fluorescent material such as dye, pigment, and ion in 
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rubber , — organic resin i — light- tran s m issi vft cerain i cs ^ — g l ass , 

liquid or the like, those obtained by applying the dyestuff 
or the fluorescent material on the surface of the foregoing 
material, those obtained by sintering, for example, the 
powder of the dyestuff or the fluorescent material, and 
those obtained by pressing and solidifying the powder of the 
dyestuff or the fluorescent material. As for the material 
quality and the structure, the materials may be used singly, 
or the materials may be used in combination. 

The difference between the color filter 40 and the 
color scattering element 44 lies in whether or not the 
brightness value of leakage light obtained by reflection and 
scattering effected by only the color layer is not less than 
0.5-fold the brightness value of leakage light obtained by 
reflection and scattering effected by the entire structure 
including the pixel structure 102 and the actuator element 
14, when the light emission state is given by allowing the 
pixel structure 102 to make contact with the optical 
waveguide plate 12 into which the light 10 is introduced. 
If the former brightness value is not less than 0.5-fold the 
latter brightness value, the color layer is defined to be 
the color scattering element 44. If the former brightness 
value is less than 0.5-fold the latter brightness value, the 
color layer is defined to be the color filter 40. 

The measuring method is specifically exemplified as 
follows. That is, it is assumed that when the color layer 
is singly allowed to make contact with the back surface of 
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the optical wav e guide plat e-^.2- ^to wh i ch t h e li g h t I Q i s 

introduced, A(nt) represents the front brightness of the 
light which passes from the color layer through the optical 
waveguide plate 12 and which leaks to the front surface, 
5 Further, it is assumed that when the pixel structure 102 is 

allowed to make contact with the surface of the color layer 
on the side opposite to the side to make contact with the 
optical waveguide plate 12, B{nt) represents the front 
brightness of the light which leaks to the front surface. 
LQ ifA&O.SXBis satisfied, the color layer is the color 

rf scattering element 44. If A < 0.5 X b is satisfied, the 

color layer is the color filter 40. 
M The front brightness is the brightness measured by 

arranging a luminance meter so that the line to connect the 
jBI color layer to the luminance meter for measuring the 

ci brightness is perpendicular to the surface of the optical 

!75 waveguide plate 12 to make contact with the color layer (the 

'=r:? 

detection surface of the luminance meter is parallel to the 
plate surface of the optical waveguide plate). 

20 The color scattering element 44 is advantageous in that 

the color tone and the brightness are scarcely changed 
depending on the thickness of the layer. Accordingly, those 
applicable as the method for forming the layer includes 
various methods such as the screen printing which requires 

25 inexpensive cost although it is difficult to strictly 

control the layer thickness. 

Owing to the arrangement in which the color scattering 
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eiemeivt — 44 — also serves — arS — febe di s placement -transmitt i ng 

section, it is possible to simplify the process for forming 
the layer. Further, it is possible to obtain a thin entire 
layer thickness. Therefore, the thickness of the entire 
5 display device can be made thin. Further, it is possible to 

avoid the decrease in displacement amount of the actuator 
element 14, and improve the response speed. 

The color filter 40 has the following advantages. That 
is, when the layer is formed on the side of the optical 
waveguide plate 12, the layer can be easily formed, because 
Itf the optical waveguide plate 12 is flat, and it has high 

surface smoothness. Thus, the range of process selection is 
H widened, and the cost becomes inexpensive. Further, it is 

easy to control the layer thickness which may affect the 
color tone and the brightness. 

The method for forming the film of the color layer such 
as the color filter 40 and the color scattering element 44 
is not specifically limited, to which it is possible to 
apply a variety of known film formation methods. Those 
usable include, for example, a film lamination method in 
which the color layer in a chip form or in a film form is 
directly stuck on the surface of the optical waveguide plate 
12 or the actuator element 14, as well as a method for 
forming the color layer in which, for example, powder, 
25 paste, liquid, gas, or ion to serve as a raw material for 

the color layer is formed into a film in accordance with the 
thick film formation method such as the screen printing, the 
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• photolithography method, the spray dipping, — and the 

application, or in accordance with the thin film formation 

method such as the ion beam, the sputtering, the vacuum 
evaporation, the ion plating, CVD. and the plating. 

Next, the operation of the display device Da according 
to the first embodiment will be briefly described with 
reference to FIG. 1. At first, the light 10 is introduced, 
for example, from the end portion of the optical waveguide 
plate 12. In this embodiment, all of the light 10 is 
totally reflected at the inside of the optical waveguide 
plate 12 without being transmitted through the front and 
back surfaces thereof by controlling the magnitude of the 
refractive index of the optical waveguide plate 12. In this 
embodiment, the optical waveguide plate 12 desirably has a 
reflection factor n of 1.3 to 1.8, and more desirably 1.4 to 
1.7. 

In this state, when a certain actuator element 14 is in 
the selected state, the actuator element 14 makes bending 
displacement so that it is convex toward the optical 
waveguide plate 12, i.e., the actuator element 14 makes 
bending displacement in the first direction, and the end 
surface of the pixel structure 102 contacts, at a distance 
of not more than the wavelength of light 10, with the 
optical waveguide plate 12, then the light 10, which has 
been subjected to total reflection, is reflected by the 
surface of the pixel structure 102, and it behaves as 
scattered light 42. A part of the scattered light 42 is 
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almost all of the scattered light 42 is not reflected by the 
optical waveguide plate 12, and it is transmitted through 
the front surface (face) of the optical waveguide plate 12. 
5 Accordingly, the pixel corresponding to the actuator element 

14 is in the ON state, and the ON state is expressed in a 
form of light emission. Further, the color of the light 
emission corresponds to the color of the color filter 40 or 
the color scattering element 44 included in the pixel 
JrO structure 102. 

That is, in the display device Da, the presence or 
absence of light emission (leakage light) at the front 
surface of the optical waveguide plate 12 can be controlled 
depending on the presence or absence of the contact of the 
iES pixel structure 102 with the optical waveguide plate 12. 

i3 Especially, in the display device Da according to the first 

\q embodiment, one unit for making the displacement action of 

the pixel structure 102 in the direction to make contact or 
separation with respect to the optical waveguide plate 12 
20 may be recognized, for example, as one pixel. A large 

number of the pixels are etrranged in a matrix configuration 
or in a zigzag configuration concerning the respective rows. 
Therefore, it is possible to display a picture image 
(characters and graphics) corresponding to the image signal 
25 on the front surface of the optical waveguide plate 12, 

i.e., on the display surface, in the same manner as in the 
cathode ray tube, the liquid crystal display device, and the 
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plasma display, by controlling the d.1 splacement action in 

each of the pixels in accordance with the attribute of the 
inputted image signal. 

In the gradation control over the display, for example, 
it is possible to adopt the voltage modulation system and 
the time modulation system. For example, in the voltage 
modulation system, when one row is selected, for example, 
voltages corresponding to the gradation of the respective 
actuator elements 14 are applied to a large number of the 
actuator elements 14 arranged on the selected row. The 
respective actuator elements 14 are displaced in the first 
direction in accordance with the level of the applied 
voltages. In the case of an example shown in FIG. 17, the 
displacement is made linearly to give displacement amounts 
of Zi, Z2, . • . for voltages Vi, V,,... V„ respectively. 

For example, as shown in FIG. |.J=4*, at a point of time at 
which the actuator element 14 is displaced in a displacement 
amount of Z^, the distance D between the first principal 
surface of the pixel structure 102 and the back surface of 
the optical waveguide plate 12 becomes a distance 
corresponding to the wavelength K of the light 10 (the light 
10 introduced into the optical waveguide plate 12). For 
example, at a point of time at which the actuator element 14 
is displaced in a displacement amount of Z^, ideally the 
first principal surface of the pixel structure completely 
contacts with the back surface of the optical waveguide 
plate 12. 
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Wlien the pixftl strnr itiire 102 ap proaches the back 

surface of the optical waveguide plate 12, and the distance 
between the first principal surface of the pixel structure 
102 and the back surface of the optical waveguide plate 12 
is not more than the wavelength X of the light 10 , then the 
amount of the scattered light radiated from the surface of 
the optical waveguide plate 12 is increased in accordance 
with the decrease in the distance, and the brightness level 
of the pixel corresponding to the actuator element 14 is 
increased. 

This phenomenon can be explained as follows in 
accordance with the evanescent effect. In general, as shown 
in FIG. 18, a region (evanescent region) 104, which is 
brought about on account of discharge of light (evanescent 
wave), exists, for example, around the back surface of the 
optical waveguide plate 12. The depth dp of the evanescent 
region 104 represents a depth at which the energy value of 
the evanescent wave is 1/e at the boundary between the 
optical waveguide plate 12 and the external space (the back 
surface of the optical waveguide plate 12 in this 
embodiment). The depth dp is given by the following 
expression (1). The energy E of the evanescent wave is 
given by the following expression (2). 



In the expression, X represents the wavelength of the 
light 10, and 8 represents the cuigle (single of incidence) at 
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dp = X/[2jtny{sin'e - (nj/nj^}] 



...(1) 



E = exp{-(D/dp)} 



...(2) 




which th e Ixght 10 coines fr om the optical waveguide plate 12 

into the external space as shown in FIG. 18. Further, n^ 
represents the optical refractive index of the optical 
waveguide plate 12, and n^ represents the optical refractive 
5 index of the external space. 

According to the expression (1), it can be postulated 
that the depth dp is increased as the wavelength X of the 
light 10 is increased, and the depth dp is increased as the 
angle of incidence 6 approaches the critical angle. On the 

10 other hand, as shown in the expression (2), the energy E of 

==? 

the evanescent wave is increased as the object approaches 

Ul 

:p the back surface of the optical waveguide plate 12, and the 

energy E is attenuated exponentially as the object is 
M separated from the back surface of the optical waveguide 

i3|5 plate 12. The amount of light (scattered light 42) 

»J reflected by the surface of the pixel structure 102 is 

proportional to the energy E of the evanescent wave. 
Accordingly, the amount of scattered light 42 is increased 
as the pixel structure 102 approaches the back surface of 
20 the optical waveguide plate 12, and the amount of light 42 

is decreased exponentially as the pixel structure 102 is 
separated from the back surface of the optical waveguide 
plate 12. 

In this process, the actuator element 14 continues to 
25 retain the displacement amount determined upon the selection 

owing to the shape -retaining effect exerted by the shape - 
retaining layer 26 of the actuator section 14. Accordingly, 
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the light emission sta l e o£ the pixel is maintained for a 

certain period of time. 

When the display device is applied to the color display 
system, for example, it is preferable to construct one pixel 
by using three pixel structures adjacent to one another (RGB 
arrangement) or four pixel structures adjacent to one 
another (checked arrangement or the like), for example, 
depending on the color scheme of the color filter 40 (for 
example, three primary color filters and complementary color 
filters) included in the pixel structure 102. 

As described above, the display device Da according to 
the first embodiment comprises the crosspiece 70 at the 
portions other than the pixel structure 102 between the 
optical waveguide plate 12 and the actuator substrate 18. 

If the optical waveguide plate 12 and the actuator 
substrate 18 are fixed at only the circumferential edge of 
the screen without providing the crosspiece 70. then the 
displacement standard is changed every time when the 
vibration occurs in the actuator substrate 18 due to the 
movement of the actuator element 14. and the ON/OFF 
operation of the pixel does not correspond to the 
displacement of the actuator element 14 in some cases. 

However, in the display device Da according to the 
first embodiment, the crosspiece 70 is provided as described 
above. Therefore, even when a certain actuator element 14 
makes the displacement action, the vibration is absorbed by 
the crosspiece 70. Thus, the inconvenience such as the 
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ch ang e In displa cem ent standard do es not take p l ace . 



The support for the optical waveguide plate 12, which 
is effected by the crosspiece 70 formed around the pixel 
structure 102, makes it possible to easily obtain the 
uniform gap "g" between the pixel structure 102 and the 
optical waveguide plate 12 for all of the pixels. Further, 
the size of the gap "g" can be easily controlled by 
arbitrarily changing the height of the crosspiece 70. As a 
result, it is possible to obtain the uniform brightness for 
all of the pixels. 

Especially, as shown in FIG. 11, when the crosspieces 
70 are formed at the portions around the four corners of the 
pixel structure 102, the arrangement is given, in which the 
four crosspieces 70 are formed for the unit of the pixel 
structure 102. Accordingly, the vibration, which is caused 
by the displacement action of a certain actuator element 14. 
is effectively absorbed. Little influence is exerted on the 
displacement action of the other actuator elements 14. As a 
result, it is possible to obtain good correspondence between 
the ON operation/OFF operation and the displacement for all 
of the pixels. It is possible to faithfully display the 
picture image corresponding to the inputted image signal. 
Further, the actuator substrate 18 and the optical waveguide 
plate 12 are tightly secured to one another. 

As shown in FIG. 12, when the crosspiece 70 has the 
windows 70a for surrounding at least one pixel structure 
102, the arrangement is given, in which all of the side 
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-surfaces of the pixel structure 1Q2 is surrounded by the 

crosspiece 70. The actuator substrate 18 and the optical 
waveguide plate 12 are secured to one another more tightly. 
Further, the vibration, which is caused by the displacement 
action of a certain actuator element 14, does not affect the 
displacement action of the other actuator elements 14 at 
all. 

Next, a display device Db according to the second 
embodiment will be explained with reference to FIG. 19. 
Components or parts corresponding to those shown in FIG. 1 
are designated by the same reference numerals, duplicate 
explanation of which will be omitted. 

As shown in FIG. 19, the display device Db according to 
the second embodiment is constructed in approximately the 
same manner as the display device Da according to the first 
embodiment (see FIG. 1). However, the former is different 
from the latter in that a gap-forming layer 50 is provided 
between the forward end of the crosspiece 70 and the optical 
waveguide plate 12. 

Owing to the presence of the gap-forming layer 50, the 
gap-f03rming layer 50 can be used to adjust the gap "g" 
between the pixel structure 102 and the optical waveguide 
plate 12. Accordingly, an effect is obtained in that the 
gap "g" can be made uniform for all of the pixels. This 
embodiment is advantageous in that the gap "g" can be easily 
adjusted when the position of the upper surface of the pixel 
structure 102 is aligned with the position of the upper 
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surface of the crosspiece /U (suj . r<ice to m oteo c o nt a ct w ith 

the gap-forming layer 50). 

The method to realize this arrangement includes, for 
example, a method in which a flat glass surface is used to 
simultaneously form the pixel structure 102 and the 
crosspiece 70, and a method in which the pixel structure 102 
and the crosspiece 70 are formed, followed by polishing to 

perform figuring. 

The constitutive material for the gap-forming layer 50 
includes, for example, metal films, films containing carbon 
black, black pigment, or black dye, and transparent films 
having low light -scattering property. Accordingly, the gap- 
forming layer 50 can be allowed to simultaneously have the 
function of a black matrix. 

Especially, when a metal film composed of, for example, 
Cr, Al, Ni, or Ag is used as the gap-forming layer 50, the 
attenuation and the scattering of the light transmitted 
through the optical waveguide plate can be suppressed, 
because of a small amount of light is absorbed thereby. 
Therefore, such a metal film is used especially preferably. 

When a film containing carbon black, black pigment, or 
black dye is used as the gap-forming layer 50. then the 
light-absorbing performance is excellent, and it is possible 
to improve the contrast. When a transparent film having a 
poor light-scattering property is used as the gap-forming 
layer 50. then the light scattering can be suppressed, and 
the contrast can be enhanced by combining the film with an 
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adhesive having an excellent llgh I -absorbing property (o r a n 
adhesive having a light -absorbing property enhanced by 
adding black dye or black pigment). 

The size of the gap-forming layer 50 is set as follows, 
for example, as exemplified by the case in which the 
actuator element 14 is displaced to be convex toward the 
optical waveguide plate 12. That is, the small limit 
(minimum value) of the gap amount "g" is set to be such a 
degree that the leakage of light caused by the evanescent 
effect upon the OFF operation of the pixel structure 102 can 
be neglected. The large limit (maximum value) of the gap 
amount "g" is set to be within a range in which the pixel 
structure 102 can make contact with the optical waveguide 
plate 12 in accordance with the displacement of the actuator 
element 14. Therefore, the thickness of the gap-forming 
layer 50 is adjusted so that the gap amount "g" is within 
the range described above. Especially preferably, the 
thickness is about 1 to 5 Mm. However, the difference in 
height between the pixel structure 102 and the crosspiece 70 
is controllable depending on various embodiments of the 
display device. The thickness of the gap-forming layer 50 
may be optimized in accordance therewith. 

The display device Db according to the second 
embodiment shown in FIG. 19 is illustrative of the case in 
which the width Of the gap-forming layer 50 is larger than 
the width of the crosspiece 70. Alternatively, as in a 
display device Dba according to a modified embodiment shown 
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in FIG. 20. the width of the gap-tormxny 
n.ade smaller than the width of the crosspiece 70. In this 
embodiment, the contact area of the gap-forming layer 50 
With respect to the optical waveguide plate 12 is decreased. 
Therefore, it is possible to reduce unnecessary scattered 

light. This embodiment is advantageous to improve the 

contrast . 

Next, a display device Dc according to the third 
embodiment will be explained with reference to FIG. 21. 
components or parts corresponding to those shown in FIG. 19 
are designated by the same reference numerals, duplicate 
explanation of which will be omitted. 

AS Shown in FIG. 21. the display device Dc according to 
the third embodiment is constructed in approximately the 
same manner as the display device Db according to the second 
embodiment (see FIG. 19). However, the former is different 
from the latter in that a plurality of recesses 110 are 
formed on the surface of the pixel structure 102. The 
recesses may be formed as a continuous groove. 

According to the display device Dc concerning the third 
embodiment, an approximately Identical contact area with 
respect to the optical waveguide plate 12 can be realized 
for the respective pixel structures 102 by defining the size 
or the number of formed recesses 110 in conformity with the 
area of the pixel structure 102 opposing to the optical 
waveguide plate 12. Thus, it is possible to obtain a 
uniform brightness for all of the pixels. 
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The presence of the recess iiU miLiyaLes the tight 

adherence between the pixel structure 102 and the optical 
waveguide plate 12. The pixel structure 102 is smoothly 
separated from the optical waveguide plate 12. As a result, 
the pixel structure 102 can be prevented from adhesion to 
the optical waveguide plate 12. Accordingly, it is possible 
to effectively realize a high response speed. 

Next, a display device Dd according to the fourth 
embodiment will be explained with reference to FIG. 22. 
components or parts corresponding to those shown in FIG. 19 
are designated by the same reference numerals, duplicate 
explanation of which will be omitted. 

AS Shown in FIG. 22. the display device Dd according to 
the fourth embodiment is constructed in approximately the 
same manner as the display device Db according to the second 
embodiment. However, the former is different from the 
latter in that a step 112 is formed at the circumferential 
edge of the pixel structure 102. 

According to the display device Dd concerning the 
fourth embodiment, the provision of the step 112 at the 
circumferential edge of the pixel structure 102 makes it 
possible to obtain a constant area of the portion of the 
pixel structure 102 to make contact with the optical 
waveguide plate 12 for all of the pixels. It is possible to 
obtain a uniform brightness for all of the pixels. Further, 
the presence of the step 112 mitigates the tight adherence 
between the pixel structure 102 and the optical waveguide 
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plate 12. Therefore, the pixel structure 102 can be 

prevented from adhesion to the optical waveguide plate 12. 
Accordingly, it is possible to effectively realize a high 

response speed. 

Next, a display device De according to the fifth 
embodiment will be explained with reference to FIG. 23. 
components or parts corresponding to those shown in FIG. 19 
are designated by the same reference numerals , duplicate 
explanation of which will be omitted. 

AS shown in FIG. 23, the display device De according to 
the fifth embodiment is constructed in approximately the 
same manner as the display device Db according to the second 
embodiment. However, the former is different from the 
latter in that the surface of the pixel structure 102 is 
formed to have a concave configuration 114. 

When the actuator element 14 makes displacement, the 
central portion of the pixel structure 102 tends to have the 
largest displacement amount. Therefore, the surface of the 
pixel structure 102 has the concave configuration 114 so 
that the central portion of the pixel structure 102 is made 
concave to give the depth, for example, corresponding to the 
displacement amount described above. By doing so. the 
surface of the pixel structure 102 is approximately flat 
When the actuator element 14 makes displacement to allow the 
pixel structure 102 to make contact with the optical 
waveguide plate 12. Thus, it is possible to increase the 
contact area of the pixel structure 102 with respect to the 
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optical waveguide plate 12. 

in tnis embodiment, when the depth of the concave curve 
of the concave configuration 114 is increased, a state is 
given, in which the central portion of the pixel structure 
102 does not arrive at the optical waveguide plate 12 when 
the pixel structure 102 makes contact with the optical 
waveguide plate 12. giving a state in which a recess is 
formed on the surface of the pixel structure 102 in a 
Simulated manner. Accordingly, the tight adherence between 
the pixel structure 102 and the optical waveguide plate 12 
is mitigated. Thus, the pixel structure 102 is smoothly 
separated from the optical waveguide plate 12. As a result, 
the pixel structure 102 can be prevented from adhesion to 
the optical waveguide plate 12. and it is possible to 
effectively realize a high response speed. 

The arrangement of the display device Dc according to 
the third embodiment (the recess 110 is formed on the 
surface of the pixel structure 102). the arrangement of the 
display device Dd according to the fourth embodiment (the 
step 112 is formed on the surface of the pixel structure 
102). and the arrangement of the display device De according 
to the fifth embodiment (the surface of the pixel structure 
102 has the concave configuration 114) may be realized 
Singly respectively, or they may be arbitrarily combined 
with each other. The combination of them makes it possible 
to Obtain the synergistic effect based on the respective 
arrangements. FIG. 24 is illustrative of a display device 
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Df according to the sixth emDodi.ii=uL 
arrangements of the display devices DC to De according to 
the third to fifth embodiments are combined «ith each other. 

The display devices Da to Df according to the first to 
sixth embodlinents can be used singly. Besides, the display 
devices Da to Df according to these embodiments may be used 
as one display element 252 included In a large screen 
display apparatus 250 as shown in FIG. 25. FIG. 25 shows an 
illustrative arrangement in which seven display elements 252 
are arranged In the vertical direction, and eighteen display 
elements 252 are arranged In the lateral direction on a bacK 
surface of a light -introducing plate 254 having a display 
area for a large screen. In this arrangement, those which 
have a large and uniform light transmlttance in the visible 
light region, such as glass plates and acrylic plates are 
used for the light-introducing plate 254. The respective 
display elements 252 are connected to one another by means 
of for example, wire bonding, soldering, face connector, 
and back connector so that signals may be mutually supplied. 

The large screen display apparatus 250 shown in FIG. 25 
uses the display devices Da to Df according to the first to 
Sixth embodiments, as the display devices applied to the 
respective display elements 252. In each of the display 
elements 252. the arrangement of the pixels comprises 32 
individuals in the horizontal direction and 32 Individuals 
m the vertical direction. In the display devices Da to Df 
according to these embodiments, when the pixels concerning 
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the respective rows are arranged In L Ue zigz a g form, it is 

possible to provide an extremely small arrangement pitch of 
the pixels in the horizontal direction. When the number of 
arranged pixels in the horizontal direction is the same as 
that in the vertical direction, the entire planar 
configuration has a vertical length which is longer than a 

horizontal length. 

The large screen display apparatus 250 shown in FIG. 25 
represents the illustrative arrangement in which the display 
elements 252 including the optical waveguide plates 12 are 
arranged in the matrix form on the plate surface of the 
large light -introducing plate 254. Alternatively, the large 
light-introducing plate 252 may be omitted so that the large 
screen display apparatus 250 is constructed by arranging, in 
a matrix form, the display elements 252 including the 
optical waveguide plates 12. In such an arrangement, the 
large number of optical waveguide plates 12 arranged in the 
„,atrix form also serve as the large light -introducing plate 
254. Besides the foregoing arrangements, it is also 
allowable that the large screen display apparatus 250 is 
constructed by arranging, in a matrix form, display elements 
252 without including any optical waveguide plate 12 on the 
plate surface of the large light -introducing plate 254. 

It is preferable that the light -introducing plate 254 
has a refractive index which is similar to that of the 
optical waveguide plate 12. When the light -introducing 
plate 254 and the optical waveguide plates 12 are stuck to 
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one another, a transparent adhesive may be uocd. The 

adhesive preferably has a uniform and high transmittance in 
the visible light region, in the same manner as the optical 
waveguide plate 12 and the light -introducing plate 254. It 
is desirable for the adhesive to set its refractive index 
Which is near to those of the light -introducing plate 254 
and the optical waveguide plate 12 in order to ensure 
brightness of the screen. 

Next, methods for producing the display devices Da to 
Df according to the first to sixth embodiments will be 
explained with reference to FIGS. 26A to 62B. 

At first, in the first production method, as shown in 
FIG. 26A, the crosspiece 70 is formed, for example, by means 
of the film formation method at the portions on which the 
actuator element 14 is not formed, of the first principal 
surface of the actuator substrate 18. The material quality 
Of the crosspiece 70 is not specifically limited. However, 
it is preferable to use those having a hard hardness after 
the hardening. In the case of a resin, for example, it is 
preferable to use a thermosetting resin (for example, one- 
component or two-component epoxy resin). The thickness of 
the crosspiece is about 50 to 100 jm. 

The film formation method includes, for example, the 
screen printing method, the photolithography method, and the 

film lamination method. 

The photolithography method includes, for example, a 
first method in which a film 120 to form the crosspiece 70 



- 88 - 



10 



i ft 



lis 



20 



25 



is exposed and developed so that the cL u s spirc c o 70 Is fo rm ed 

as shown in FIGS. 21 A to 27C, and a second method in which a 
material 124 to form the crosspiece 70 is embedded in an 
opening 122a of a mask 122 so that the crosspiece 70 is 
formed as shown in FIGS. 28A to 28C. 

The first method is carried out. for example, in 
accordance with the following procedure. At first, as shown 
in FIG. 27A, the film 120 to form the crosspiece 70 is 
uniformly applied to the entire surface of the actuator 
substrate 18. Subsequently, as shown in FIG. 27B. the film 
120 to form the crosspiece 70 is selectively exposed through 
a mask 130 having an opening at the portion for forming the 
crosspiece 70. After that, as shown in FIG. 27C. the film 
120 to form the crosspiece 70 is subjected to development. 
When the development is performed, then the exposed portion 
of the film 120 to form the crosspiece 70 remains as the 
crosspiece 70, and the non-exposed portion is melted and 
removed . 

Those usable as the method for applying the film for 
constructing the crosspiece 70 includes, for example, 
application by printing, application by spinner, DIP 
(immersing method), roll coater. and glass press. It is 
also possible to apply a photosensitive film having the same 
function as that of the photoresist. 

on the other hand, the second method is carried out in 
accordance with the following procedure. At first, as shown 
in FIG. 28A, a photoresist material is applied, followed by 
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execution of exposure and developmeuL Lo-form a mask 122 

based on the photoresist on the actuator substrate 18. The 
mask 122 has an opening 122a at the portion for forming the 

crosspiece 70. 

subsequently, as shown in FIG. 28B, a material 124 to 
form the crosspiece 70 is embedded in the opening 122a of 
the mask 112. After that, as shown in FIG. 28C. the mask 
122 is removed. Thus, the crosspiece 70 is formed on the 
actuator substrate 18. 

in the first method (application method), the 
selectivity is low for the material for the film 120 for 
constructing the crosspiece 70. because of the condition of 
the exposure. However, in the second method (embedding 
method) . it is unnecessary to consider the exposure or the 
photosensitive property. Therefore, the degree of freedom 
is improved for the selectivity for the material of the film 
120 for constructing the crosspiece 70. 

The film lamination method is shown in FIG. 29. In 
this method, a film (film formed with a material to 
construct the crosspiece: dry film or the like) is 
previously subjected to cutting or stamping to prepare the 
crosspiece 70, and then the crosspiece 70 is laminated on 
the actuator substrate 18, for example, by the aid of an 
adhesive 132. When the crosspiece is laminated, for 
example, the vacuum packaging method or the laminate press 

method is used. 

in the ceramic sintering method, for example, a 



90 



1/ 



10 



*=5 



20 



25 



portion, which is used to form 
is formed Oh the actuator substrate 18. for example, by 
means of the film formation method, followed by sintering to 
integrate the actuator substrate 18 and the first layer 
orosspieoe 70 into one unit. 

The first production method will be explained again, 
^s shown in FIG. 26B, the respective pixel structures 102 
are formed on the respective actuator elements 14 of the 
actuator substrate 18, for example, by means of the frlm 
formation method. The various methods as shown in FIGS. 27* 
to 29 are adoptable as the film formation method. 

AS Shown in FIG. 26C, before the crosspiece 70 and the 
pixel structure 102 on the actuator substrate 18 are 
hardened, the optical waveguide plate 12 is pressed against 
the crosspiece 70 and the pixel structure 102 on the 
actuator substrate 18. The optical waveguide plate 12 and 

^ 18 are pressurized in the directions 

the actuator substrate 18 are pro:,= 

to maxe approach to one another, ^ter that, the crosspiece 
70 and the pixel structure 102 are hardened in this state to 

complete the device. 

in the first production method, the actuator substrate 
18 and the optical waveguide plate 12 are pressurized in the 
state in which at least the pixel structure 102 is not 
hardened. Therefore, the optical waveguide plate 12 presses 
the crosspiece 70 and the pixel structure 102 toward the 
actuator substrate 18 during the pressurizing process. The 
previously formed crosspiece 70 serves as a spacer to define 
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the thickness of the pixel struc t uLe 102. As a r e s ult, w hen 
at least the pixel structure 102 is hardened, the upper 
surface of the crosspiece 70 and the upper surface of the 
pixel structure 102 form a substantially identical surface. 

in this embodiment, a material, with which the pixel 
structure 102 is contracted upon the hardening of the pixel 
structure 102, is used as the constitutive material for the 
pixel structure 102. By doing so. it is possible to form a 
constant gap "g" between the pixel structure 102 and the 
optical waveguide plate 12 during the hardening of the 
crosspiece 70 and the pixel structure 102. 

Another method is available to form the gap "g". For 
example, when the optical waveguide plate 12 is laminated 
and pressurized, then the pixel structure 102 may be heated 
and expanded, or the actuator element 14 may be displaced to 
allow the pixel structure 102 to make contact with the 
optical waveguide plate 12. The constant gap "g" is formed 
between the pixel structure 102 and the optical waveguide 
plate 12 by the contraction of the pixel structure 102 or by 
the displacement reset (restoration) of the actuator element 
14. 

Alternatively, it is possible to use the form in which 
the pixel structure 102 contacts with the optical waveguide 
plate 12 in the natural state. In this case, for example, 
as shown in FIG. 7, application may be made for the 
arrangement in which the pixel structure 102 makes 
displacement in the direction to make separation from the 
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optical waveguide plate 12. concer ul ny the di splacement 

action of the actuator element 14. 

The pressurizing method for the actuator substrate 18 

and the optical waveguide plate 12 includes various loading 

methods such as the loading based on the weight, the vacuum 
packaging method, the CIP method (hydrostatic pressure 
loading method), the loading based on the flip chip bonding, 
the constant value control, and the low pressure press 
method. 

Among them, the vacuum packaging method is shown in 
FIG. 30. in this method, the optical waveguide plate 12 is 
pressed against the actuator substrate 18, and they are 
placed in a vacuum packaging bag 140 to apply the vacuum to 
the bag 140. Thus, the actuator substrate 18 and the 
optical waveguide plate 12 are pressurized to one another. 
In this method, in order to suppress the generation of 
bubbles, it is preferable that an antif earning agent is added 
to the adhesive and the pixel structure, and an antif earning 
treatment is applied before the hardening process. 

In the vacuum packaging method shown in FIG. 30 and in 
the CIP method, the actuator substrate 18 and the optical 
waveguide plate 12 can be uniformly pressurized even when 
the actuator substrate 18 involves any warpage or waviness. 
Accordingly, the optical waveguide plate 12 and the actuator 
substrate 18 are adapted to one another. Therefore, it is 
possible to form a constant gap "g" between all of the pixel 
structures 102 and the optical waveguide plate 12. It is 
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noted that the vacuum packaging method .ua y-bc c o mb i ned w ith 

the CIP method. 

The low pressure press method is shown in FIG. 31. In 
this method, the optical waveguide plate 12 is pressed 
against the actuator substrate 18. and they are placed 

at a low pressure. In this method, the actuator substrate 
18 is applied with a small stress. Therefore, the actuator 
element 14 can be prevented from damage or the like. 

The method, which uses the loading based on the flip 
chip bonding, is preferably used, because it is possible to 
effect the position control, the pressurizing control, and 
the heating. 

Next, the second production method will be explained 
with reference to FIGS. 32A to 32D. In the second 
production method, the pixel structure 102 and the 
crosspiece 70 are formed on the optical waveguide plate 12, 
and the actuator substrate 18 is laminated and pressurized. 

At first, as shown in FIG. 32A, the plurality of 
crosspieces 70 are formed, for example, by means of the film 
formation method at the portions other than the portions 
corresponding to the large number of pixels, of the optical 
waveguide plate 12. After that, as shown in FIG. 32B. the 
pixel structures 102 are formed, for example, by means of 
the film formation method at the portions corresponding to 
the large number of pixels, of the optical waveguide plate 
12. 
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: PIG 32C an adhesive 150 is appHea ■ 

As shovm in Fit. j^^. 

„pper surfaces of tUe actuator elements » ana t.e positions 
corresponding to t.e crosspieces 70. of t.e first principal 
surface of the actuator substrate 18 previously forced with 
the actuator elements 14 at the portions corresponding to 

the pixels. 

;.fter that, before the crosspieces 70 and the pixel 
structures 102 on the optical waveguide plate 12 are 
hardened, the first principal surface side of the actuator 
suhstrate IS is pressed against the crosspieces ,0 and the 
Pixel structures 102 on the optical waveguide plate 12. The 

... Tt» 12 and the actuator substrate 18 are 
optical waveguide plate 12 ana tne 

pressurised in the directions to maXe approach to one 
mother, subse^ently. as shown in FIG. 32D. the 
crosspieces 70. the pixel structures 102. and the adhesive 
1,0 are hardened In this state to complete the device. 

According to the second production method, the pixel 
structure 102 is directly formed on the optical waveguide 
plate 12. Therefore, this .nethod is advantageous in that 
the area of the pixel (contact area with respect to the 
optical waveguide plate 12, is easily defined. It is easy 
to Obtain a uniform brightness for all of the pixels. 

Mso in this embodiment, in the case of the form in 
Which the Pixel structure 102 contacts with the optical 
waveguide plate 12 when the actuator element U is in the 
natural state, as shown in FIG. 7. application may be made 
for the arrangement in which the pixel structure 102 maKes 
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displacement in tne airei.^-— 

nlate 12 oonoerning the displacement 
optical waveguide plate i^. 

action of the actuator element 14. 

«hen the optical waveguide plate 12 is laminated and 
pressurized, then the pixel structure 102 may he heated and 
expanded, or the actuator elenent 14 may he displaced to 
allow the pixel structure 102 to maKe contact with the 
optical waveguide plate 12. By doing so. it is possihle to 
,orm a constant gap -g" hetween the pixel structure 102 and 

, ... 17 flurlna the hardening process 
the optical waveguide plate 12 during t 

for the crossplece 70 and the pixel structure 102. 

Next the third production method will he explained 
With reference to FIGS. 33i. to 33C. In this third 
production method, the plate memher 200 is once laminated on 
..e actuator suhstrate IS formed with the pixel structure 
i„2 and the crosspiece 70 to ohtain a substantially 
identical surface for the respective upper surfaces of the 
pi^el structure 102 and the crosspiece 70. After that, he 
piate memher 200 is removed, and the optical waveguide plate 
12 is laminated. 

t?Tr -^-^A the crosspiece 70 is 
At first, as shown xn FIG. 33A. T:ne 

c film formation method 

formed, for example, by means of the fxlm 

at the portion formed with no actuator element 14. of the 
first principal surface of the actuator suhstrate 18. 

102 is formed, for example, hy means of the fil. formation 
.ethod on each of the actuator elements 14 of the actuator 
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substrate 18. 

^« vrr 33C, before the 
subsequently, as shown m FIG. 33C, 

.,a.„st .ne c.ossp.e=e ,0 a„a .ne pixel st^ctu.e 10. 

* ^-^ iR The plate member 200 and the 
actuator substrate 18. The pxa 

^.trate 18 are pressurized in the directions to 
actuator substrate lo ate y 

..v,^^ After that, the crosspxece 70 
make approach to one another. After 

and the pixel structure 102 are hardened in this state. 

Those usable as the plate member 200 include, for 
example, .lass, ceramics, and metal. ..on. them .lass 
.sed especially preferably, because it is easy to ob 

V, na hiah surface smoothness and appropriate 
plate member having high surr.i 

. of the plate member is useful to 
The surface smoothness of the piax 

„e tne ....«ness o. t.e pixel. .cco.ain.ly, tnc.e 
«a < 0.1 . 1= a.e P«.e.a.l, usee, .spec 

"'"■.ne rl.l.l« .ne plate .e..er Is .e=l.ne. sue. t.at 

r,« elastic deformation, and the 
the pressurizing step causes no plastic 

.•nn effects adaptation to any warpage of the 
elastic deformation effects a p 

.ctuato. su.s«ate. .or example. w.en .lass iS use. .o. tne 
p..te .e»..e., ana tne vacuum pacKa.in. .etnea is applied 
..e p.essu.i.in, .etnea. tnen tne t.icKness o. t.e plate 

c .P^iri 10-fold as compared 
„e..er is p.e.e.a«y a.out O....oia to 0 

witn the thiclcness of the actuator substrate. 
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preferably, the thlOcness of the plate .nemher Is I^I^ 
5-fold. 

on the other hand, when the low pressure press -ethod 
IS used as the pressurizing method. It Is preferable that 
the Plate n-emher Is thlc. In the view of the rigidity and 
the easiness of handling, because the small amount of 
deformation of the plate member is preferred. 

*s described above, those usable as the pressurizing 
method for the plate member 200 and the actuator substrate 
iS include the various loading methods such as the loading 
based on the weight, the vacuum paclcaglhg method, the CIP 
method (hydrostatic pressure loading method,, the loading 
based on the flip chip bonding, the constant value control, 
and the low pressure press method. 

«hen the plate member 200 is laminated on the actuator 
substrate 18 followed by the pressurizing process, the 
orosspiece 70. which has been formed on the actuator 
substrate 18. serves as a spacer to define the distance 
between the actuator substrate 18 and the plate member 200. 
The crosspiece ,0 and the pixel structure 102 are hardened 
after the pressurizing or in the pressurized state. 
Therefore, the defined distance corresponds to the distance 
between the actuator substrate 18 and the optical waveguide 
plate 12. 

in this embodiment, a material, with which the pixel 
structure 102 is contracted during the hardening of the 
pixel structure 102. is used as the constitutive material 
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for the pixel structure 102. By doing so, n is 
for. a constant gap "g" between the pixel structure 102 and 
the Plate .emher 200 during the hardening for the crossplece 
70 and the pixel structure 102. This fact Is equivalent to 
the fact that the constant gap "g" Is formed hetween the 
pixel structure 102 and the optical waveguide plate 12. 

;men the material, with which the pixel structure 102 
is contracted during the hardening of the pixel structure 
102 IS not used, the gap -g" may be formed as follows 
hetween the pixel structure 102 and the plate member 200 
during the hardening of the crossplece 70 and the pixel 
structure 102. That Is. for example, when the plate member 
200 IS laminated and pressurized, then the pixel structure 
102 may be heated and expanded, or the actuator element 14 
he displaced to allow the pixel structure 102 to maXe 

, ^ ™«mK<^T- 900 The constant gap "g is 
contact with the plate member 200. 

formed between the pixel structure 102 and the plate member 
200 owing to the contraction of the pixel structure 102 or 
the displacement reset (restoration, of the actuator element 

14. during the hardening of the crossplece 70 and the pixel 

structure 102 effected thereafter. 

Alternatively, when the pixel structure 102 contacts 

•^^ 12 in the natural state, 

with the optical waveguide plate 12 xn t. 

for example, as shown In FIG. 7, application may be made for 
the arrangement m which the pixel structure 102 maKes 
displacement In the direction to maXe separation from the 
optical waveguide plate 12, concerning the displacement 
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action of the actuator element 14. 

«hen a smooth plate member is used as the plate member 
,00 a smooth surface, which is e^ivalent to the surface of 
the plate member 200. is formed on the surface of the pixel 
structure 102. The excellent smoothness is useful to 
improve the brightness upon light emission effected by the 
pixel . 

AS shown in FIG. 34. when a plate member, which has a 
Plurality of projections 202 at the corresponding portions 
With respect to the pixel structure 102, is used as the 
plate member 200. recesses 110. which correspond to the 
projections 202. are formed on the surface of the pixel 
structure 102 during the pressurizing process for the plate 
member 200 and the actuator substrate 18. Thus, it is 

rii=iilav device Do according to the 
possible to produce the display aev 

third embodiment shown in FIG. 21. 

AS Shown in FIG. 35. when a plate member, which has a 
projection 204 at each of the portions corresponding to the 
circumferential edge of the pixel structure 102. is used as 
the Plate member 200. the step 112. which corresponds to the 
projection 204. is formed at the circumferential edge of the 
pixel structure 102 during the pressurizing process for the 
Plate member 200 and the actuator substrate 18. Thus, it iS 
possible to produce the display device Dd according to the 
fourth embodiment shown in FIG. 22. 

AS Shown in FIG. 36. when a plate member, which has a 
convex configuration 206 at each of the portions 
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corresponding to the pixel structure 102. Is u.ed a. U,« 
plate member 200, the concave configuration 114, which 
corresponds to the convex configuration 206. Is formed on 
the surface of the pixel structure 102 during the 
pressurising process for the plate memher 200 and the 
actuator substrate 18. Thus, it is possible to produce the 

i-Yif^ fifth embodiment shown in 
display device De accordxng to the titxn 

FIG. 23. 

AS sho«n in FIG. 37. a plate member, which has a 
plurality of prodections 208 at the portions corresponding 
to the crosspleces 70 respectively, is used as the plate 
member 200, the upper end of the pixel structure 102 is 
formed to be higher than the upper end of the crosspiece 70 
during the pressurizing process for the plate member 200 and 
the actuator substrate 18. In this arrangement, the contact 
of the pixel structure 102 with respect to the optical 
waveguide plate 12 is made in a more complete manner, for 
example, in the display device Da shown in FIG. 7 which 
exhibits the OH state in the natural state. It is a matter 
of course that this arrangement is also preferably 
applicable to those having no gap-forming layer 50 
concerning the display device Da shown in FIG. 7. 

Another effect is also obtained. That is, it is 
possible to form a thicH gap-forming layer 50. Therefore, 
When the gap-forming layer 50 functions as a light-absorbing 
layer, this arrangement is effective to l^rove the i»age 
quality such as the contrast. Further, it is possible to 
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wiaen the range of n,.terlal selection for t.e gap-.o.,„i.. 
layer 50. Of course, this arrangement Is also applicable to 
the .isplay device of the type In which the pixel structure 
102 is separated from the optical waveguide plate 12 in the 

natural state. 

on the other hand, when a plate member, which has a 
plurality of recesses at the portions corresponding to the 
..osspleces 70 respectively, is utilized as the plate member 

^ ^ nlxel structure 102 is formed to 
200. the upper end of the pixel srru 

^r,H of the crosspiece 70 during the 
be lower than the upper end of the cros y 

^^<=<= for the plate member 200 and the 
pressurizing process for tne pxa^ 

^ ,Q Tn this arrangement, a precise gap 
actuator substrate 18. In this arra y 

„ rase of the form in which the 

-g" can be formed even in the case 

gap-forming layer 50 is not provided. 

The projections 202 of the plate member 200 or the liKe 
Shown in FIGS. 34 to 37 is ec^ivalently applicable to the 
fourth production method and the followings as described 
later on. 

is removed, and then an adhesive 210 Is applied to the upper 
surface of the crosspiece 70 on the actuator substrate IS. 
for example, by means of the film formation method. 

It is preferable to use an adhesive having high light- 
absorbing performance, because it Is necessary to suppress 
.he light scattering. For example. It is desirable to use 
an adhesive added with carbon blacK. blacK pigment, or blacK 
dye. 
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AS shown in FIG. 38B. before the adhesive ..^ - 
hardened, the optical waveguide plate 12 Is pressed against 
the crosspleoe 70 on the actuator substrate 18. The optical 
waveguide plate 12 and the actuator substrate 18 are 
pressurized in the directions to maXe approach to one 
another. Subse<^ently, the adhesive 210 is hardened in this 
state to complete the device. 

AS described above, those preferably usable as the 
pressurizing -ethod for the optical waveguide plate 12 and 
the actuator substrate 18 include the various loading 
methods such as the loading based on the weight, the vacuum 
pacKaglng method, the CIP method (hydrostatic pressure 
loading method), the loading based on the flip chip bonding, 
the constant value control, and the low pressure press 
method . 

AS described above, it is preferable to use the plate 
member 200 having the projection 202. 204. 206 on the 
surface, concerning the method for forming the recess 110 or 
the step 112 on the surface of the pixel structure 102. or 
for for^ng the concave configuration 114 on the surface of 
the Pixel structure 102. For this purpose, it Is preferable 
to use the method in which the metal fil- or the resist film 
is formed in accordance with the ordinary thin film 
formation method on the plate member 200 composed of glass. 
This method is advantageous in that the pattern and the 

J ^4.4 on? 704 206 can be freely 
height of the projection 202, ZU4, 

Changed. It is preferable that the height of the projection 
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202 204, 206 is about 0.1 to 2 im- 

■ concerning th. above, another »etbod. whlcb Is based on 
tbe Plane polisblng for the surface of tbe pixel structure 
102 or the surface processing based on tbe laser, can be 
also used as tbe method for forming the recess 110 or tbe 
step 112 on the surface of the pixel structure 102. The 
laser processing is not limited to the formation of the 

surface improvement by tbe aid of the heating. Further, it 
is possible to arbitrarily design the processing pattern. 
Therefore, tbe laser processing is used especially 

preferably. 

on the other band, the method for forming the concave 
configuration 114 on tbe surface of tbe pixel structure 102 
is not lifted to the methods described above. Besides, 
there are a method of beating, and a method of previously 
applying a voltage to the actuator element 14 during the 
hardening process for the pixel structure 102. There are a 
method in whicb the beating Is performed during the figuring 

the beating is performed after tbe removal of the plate 

member 200. These methods can be selected depending on tbe 

material ^ality of the pixel structure 102. A heating 

* °r to 150 "C is used. Especially, a 
temperature of 15 C to i^u 

^ on V to 80 °C is preferably used, 
heating temperature of 20 C to 80 p 

Next, the fourth production method will be explained 
With reference to FIGS. 39A to 39D. In the fourth 
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production method, the pixel structure iuz and Lh« 
crosspiece 70 are formed on the plate member 200, and they 
are hardened respectively. After that, the actuator 
substrate 18 is laminated. Subsequently, the plate member 
5 200 is removed, and the optical waveguide plate 12 is 

laminated. 

At first, as shown in FIG. 39A, the crosspiece 70 is 
formed, for example, by means of the film formation method 
at the portions other than the portions corresponding to the 
large number of pixels, of the plate member 200. and then 
I the crosspiece 70 is hardened. Subsequently, as shown in 

5 FIG. 39B, the pixel structure 102 is formed, for example, by 

Hj means of the film formation method at the portions 

M corresponding to the large number of pixels, of the plate 

life member 200. and then the pixel structure 102 is hardened. 

S After that, as shown in FIG. 39C, an adhesive 212 is 

IS applied to the upper surface of the actuator element 14 and 

the position corresponding to the crosspiece 70, of the 
first principal surface of the actuator substrate 18 
20 previously formed with the actuator elements 14 at the 

corresponding portions . 

After that, before the adhesive 212 is hardened, the 
first principal surface side of the actuator substrate 18 is 
pressed against the crosspiece 70 and the pixel structure 
25 102 on the plate member 200. The plate member 200 and the 

actuator substrate 18 are pressurized in the directions to 
make approach to one another. Subsequently, the adhesive 
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212 is hardened in this state. 

After that, as shown in FIG. 39D, the plate member 200 
is removed. At this point of time, the crosspiece 70 and 
the pixel structure 102, which have been formed on the plate 
member 200 are transferred to the actuator substrate 18. 
Therefore, as shown in FIG. 39A, for example, it is 
preferable that a releasing agent is applied to the plate 
member 200 before the crosspiece 70 and the pixel structure 
102 are formed on the plate member 200, because of the 
following reason. That is. the pixel structure 102 and the 
crosspiece 70 can be smoothly transferred to the actuator 
substrate 18. 

After that, as shown in FIG. 38A. the adhesive 210 is 
applied, for example, by means of the film formation method 
on the upper surface of the crosspiece 70 on the actuator 

substrate 18. 

As shown in FIG. 38B. before the adhesive 210 is 
hardened, the optical waveguide plate 12 is pressed against 
the crosspiece 70 on the actuator substrate 18. The optical 
waveguide plate 12 and the actuator substrate 18 are 
pressurized to make approach to one another. After that, 
the adhesive 210 is hardened in this state to complete the 
device . 

The embodiment shown in FIGS. 38A and 38B is 
illustrative of the case in which the optical waveguide 
plate 12 is directly laminated on the upper surface of the 
crosspiece 70. Alternatively, it is also possible to adopt 
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a method shown in FIGS. 40A and 4UB. 

That is. as shown in FIG. 40A. the adhesive 210 is 
applied, for example, by means of the film formation method 
to the upper surface of the crosspiece 70 on the actuator 

substrate 18 . 

As shown in FIG. 40B. the gap-forming layer 50 is 
previously formed, for example, by means of the film 
formation method at the portions corresponding to the 
crosspiece. of the optical waveguide plate 12. Before the 
adhesive 210 is hardened, the optical waveguide plate 12 is 
pressed against the crosspiece 70 on the actuator substrate 
18 (the gap-forming layer 50 is pressed against the 
crosspiece 70). The optical waveguide plate 12 and the 
actuator substrate 18 are pressurized in the directions to 
make approach to one another. After that, the adhesive 210 
is hardened in this state to complete the device. 

As shown in FIGS. 40A and 40B. when the gap-forming 
layer 50 is provided, it is easier to obtain the uniform gap 
"g" for all of the pixels between the pixel structure 102 
and the optical waveguide plate 12. It is also possible to 
easily control the size of the gap "g"- 

Next. the fifth production method will be explained 
with reference to FIGS. 41A to 41C. In the fifth production 
method, the pixel structure 102 is formed on the optical 
waveguide plate 12, and the crosspiece 70 is formed on the 
actuator substrate 18. After that, the optical waveguide 
plate 12 and the actuator substrate 18 are laminated and 
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pressurized. 

At first, as shovm in FIG. 41A. the pixel structures 
102 are formed, for example, by means of the film formation 
method at the portions corresponding to the large number of 
pixels, of the optical waveguide plate 12. Subsequently, as 
shown in FIG. 4 IB, the crosspiece 70 is formed, for example, 
by means of the film formation method at the portions formed 
with no actuator element 14, of the first principal surface 
of the actuator substrate 18. After that, an adhesive 210 
is applied, for example, by means of the film formation 
method to the upper surface of the crosspiece 70 on the 
actuator substrate 18. 

As shown in FIG. 41C, before the adhesive 210 is 
hardened, the surface of the actuator substrate 18 formed 
with the crosspiece 70 and the surface of the optical 
waveguide plate 12 formed with the pixel structure 102 are 
laminated with each other. The optical waveguide plate 12 
and the actuator substrate 18 are pressurized in the 
directions to make approach to one another. After that, the 
adhesive 210 is hardened in this state to complete the 
device • 

According to the fifth production method, the formation 
of the pixel structure 102 and the formation of the 
crosspiece 70 can be carried out in the mutually independent 
steps. Therefore, the range of material selection is 
widened concerning the pixel structure 102 and the 
crosspiece 70, and it is possible to reduce the production 
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cost and the number of production steps. FuiLlier. the pixeJ^ 

structure 102 is formed on the optical waveguide plate 12 
which has high flatness. Therefore, it is possible to 
obtain a uniform size of the pixel structure 102. 

Next, the sixth production method will be explained 
with reference to FIGS. 42A to 42C. In the sixth production 
method, the crosspiece 70 is formed on the optical waveguide 
plate 12, and the pixel structure 102 is formed on the 
actuator substrate 18. After that, the optical waveguide 
plate 12 and the actuator substrate 18 are laminated and 
pressurized . 

At first, as shown in FIG. 42A, the plurality of 
crosspieces 70 are formed, for example, by means of the film 
formation method at the portions other than the portions 
corresponding to the large number of pixels, of the optical 
waveguide plate 12. Subsequently, as shown in FIG. 42B, the 
pixel structures 102 are formed, for example, by means of 
the film formation method on the actuator elements 14 of the 
first principal surface of the actuator substrate 18. After 
that, an adhesive 212 is applied, for example, by means of 
the film formation method to the upper surfaces of the 
crosspieces 70 on the optical waveguide plate 12. 
Alternatively, the adhesive 212 is formed, for example, by 
means of the film formation method on the portions formed 
with no actuator element 14, of the first principal surface 
of the actuator substrate 18. 

After that, as shown in FIG. 42C, before the adhesive 
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212 Is hardened, the surface of tfee- ^ctuator substra ^e-^ 

formed with the pixel structure 102 and the surface of the 
optical waveguide plate 12 formed with the crosspiece 70 are 
laminated with each other. The optical waveguide plate 12 
and the actuator substrate 18 are pressurized in the 
directions to make approach to one another. After that, the 
adhesive is hardened in this state to complete the 

device . 

Also in the sixth production method, the formation of 
the pixel structure 102 and the formation of the crosspiece 
70 can be carried out in the mutually independent steps. 
Therefore, the range of material selection is widened 
concerning the pixel structure 102 and the crosspiece 70, 
and it is possible to reduce the production cost and the 
number of production steps. Further, the crosspiece 70 is 
formed on the optical waveguide plate 12 which has high 
flatness. Therefore, it is possible to obtain a strictly 
uniform size of the crosspiece 70. Furthermore, no obstacle 
(for example, the crosspiece 70) exists when the pixel 
structure 102 is formed. Therefore, the pixel structure 102 
can be formed accurately. 

Next, the seventh production method will be explained 
with reference to FIGS. 43A and 43B. In the seventh 
production method, the pixel structure 102 is formed on the 
actuator substrate 18 which has been previously provided 
with the crosspiece 70 in the integrated manner. After 
that, the optical waveguide plate 12 is laminated and 



110 - 



(I 



At first, as shown in FIG. 43A, the pixel structures 
102 are formed on the respective actuator elements 14 of the 
actuator substrate 18 which integrally includes the 
plurality of crosspieces 70 at the portions other than the 
actuator elements 14. Subsequently, an adhesive 210 is 
formed, for example, by means of the film formation method 
on the upper surfaces of the crosspieces 70 on the actuator 
substrate 18. 

As shown in FIG. 43B, before the crosspieces 70 and the 
pixel structures 102 on the actuator substrate 18 are 
hardened, the optical waveguide plate 12 is pressed against 
the crosspieces 70 and the pixel structures 102 on the 
actuator substrate 18. The optical waveguide plate 12 and 
the actuator substrate 18 are pressurized in the directions 
to make approach to one another. After that, the 
crosspieces 70 and the pixel structures 102 are hardened in 
this state to complete the device. 

In the seventh production method, the actuator 
substrate 18, which previously has the crosspieces 70 in the 
integrated manner, is used as the actuator substrate 18. 
Therefore, the mechanical strength of the portion of the 
crosspiece 70 is high. Accordingly, the rigidity of the 
actuator substrate 18 is enhanced. As a result, for 
example, when the actuator substrate 18 is carried or 
stored, the crosspiece 70 can be used to protect the 
actuator element 14, especially the vibrating section 22 
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formed on the actuator substrate 18. The step of^iardening 

the crosspiece 70 can be omitted, as compared with the case 
in which the crosspiece 70 is formed separately. Thus, it 
is possible to reduce the number production steps. 

Next, the eighth production method will be explained 
with reference to FIGS. 44A to 45B. In the eighth 
production method, the crosspiece 70 is formed on the 
actuator substrate 18, and the pixel structure 102 is formed 
on the plate member 200. The actuator substrate 18 and the 
plate member 200 are laminated and pressurized. After that, 
the plate member 200 is removed, and the optical waveguide 
plate 12 is laminated and pressurized. 

At first, as shown in FIG. 44A, the pixel structures 
102 are formed at the portions corresponding to the large 
number of pixels, of the plate member 200. Subsequently, as 
shown in FIG. 44B, the plurality of crosspieces 70 are 
formed at the portions other than the actuator elements 14, 
of the actuator substrate 18. 

Subsequently, as shown in FIG. 44C, before the 
crosspieces 70 and the pixel structures 102 on the actuator 
substrate 18 are hardened, the surface of the actuator 
substrate 18 formed with the crosspieces 70 and the surface 
of the plate member 200 formed with the pixel structures 102 
are laminated with each other. The plate member 200 and the 
actuator substrate 18 are pressurized in the directions to 
make approach to one another. After that, the crosspieces 
70 and the pixel structures 102 are hardened in this state. 
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After that, as shown in FIG. the plate member 200 

is removed, and the pixel structures 102 are transferred to 
the actuator substrate 18. Subsequently, an adhesive 210 is 
applied, for example, by means of the film formation method 
to the upper surfaces of the crosspieces 70 on the actuator 
substrate 18. 

As shown in FIG. 45B, before the adhesive 210 is 
hardened, the optical waveguide plate 12 is pressed against 
the crosspieces 70 on the actuator substrate 18. The 
optical waveguide plate 12 and the actuator substrate 18 are 
pressurized in the directions to make approach to one 
another. After that, the adhesive 210 is hardened in this 
state to complete the device. 

In this embodiment, the formation of the pixel 
structure 102 and the formation of the crosspiece 70 can be 
carried out in the mutually independent steps. Therefore, 
the range of material selection is widened concerning the 
pixel structure 102 and the crosspiece 70, and it is 
possible to reduce the production cost and the number of 
production steps. Further, the pixel structure 102 is 
formed on the plate member 200 which has high flatness. 
Therefore, it is possible to obtain a uniform size of the 
pixel structure 102. 

Next, the ninth production method will be explained 
25 with reference to FIGS. 46A to 47B. In the ninth production 

method, the pixel structure 102 is formed on the actuator 
substrate 18, and the crosspiece 70 is formed on the plate 
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member 20. The actuator substrate 18 and the plate member 
200 are laminated and pressurized. After that, the plate 
member 200 is removed, and the optical waveguide plate 12 is 
laminated and pressurized. 

At first, as shown in FIG. 46A, the crosspieces 70 are 
formed at the portions other than the portions corresponding 
to the large number of pixels, of the plate member 200. 
Subsequently, as shown in FIG. 46B, the pixel structures 102 
are formed on the respective actuator elements 14 of the 
actuator substrate 18. After that, an adhesive 212 is 
formed, for example, by means of the film foarmation method 
on the lower surfaces of the crosspieces 70 formed on the 
plate member 200. The adhesive 212 may be applied to the 
portions other than the actuator elements 14 of the actuator 
substrate 18, not to the upper surfaces of the crosspieces 
70. 

Subsequently, as shown in FIG. 46C, before the pixel 
structures 102 on the actuator substrate 18 are hardened, 
the surface of the actuator substrate 18 formed with the 
pixel structures 102 and the surface of the plate member 200 
formed with the crosspieces 70 are laminated with each 
other. The plate member 200 and the actuator substrate 18 
are pressurized in the directions to make approach to one 
another. After that, the pixel structures 102 are hardened 
in this state. 

After that, as shown in FIG. 47A, the plate member 200 
is removed, and the crosspieces 70 are transferred to the 
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applied, for example, by means of the film formation method 
to the upper surfaces of the crosspieces 70 on the actuator 
substrate 18 . 

As shown in FIG. 47B, before the adhesive 210 is 
hardened, the optical waveguide plate 12 is pressed against 
the crosspieces 70 on the actuator substrate 18. The 
optical waveguide plate 12 and the actuator substrate 18 are 
pressurized in the directions to make approach to one 
another. After that, the adhesive 210 is hardened in this 
state to complete the device. 

Also in this embodiment, the formation of the pixel 
structure 102 and the formation of the crosspiece 70 can be 
carried out in the mutually independent steps. Therefore, 
the range of material selection is widened concerning the 
pixel structure 102 and the crosspiece 70, and it is 
possible to reduce the production cost and the number of 
production steps. Further, the crosspiece 70 is formed on 
the plate member 200 which has high flatness. Therefore, it 
is possible to obtain a strictly uniform size of the 
crosspiece 70. Furthermore, no obstacle (for example, the 
crosspiece 70) exists when the pixel structure 102 is 
formed. Therefore, the pixel structure 102 can be formed 
accurately . 

Especially, the ninth production method is preferably 
used to form the crosspiece 70 having the stripe-shaped 
opening 220 as shown in FIG. 13, and the line- shaped 
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e r o ss pdr ece 70 as shown in FIG. — 1^ That is , — the film is 

punched and processed to form the stripe-shaped opening 220, 
or the film is finely cut into the line-shaped 
configuration . 

5 Subsequently, as shown in FIG. 48, the crosspiece 70 

composed of the film is laminated on the plate member 200 by 
utilizing the surface tension of the liquid (for example, 
water). After that, the process leads to the step shown in 
FIG. 46A. In this case, the crosspiece 70 is merely affixed 
to the plate member 200 by the aid of only the surface 

'f^ tension of the liquid. Therefore, it is easy to remove the 

3' plate member 200 thereafter. 

]^ Next, the tenth production method will be explained 

with reference to FIGS. 49A to SOB. In the tenth production 
iCi method, the pixel structure 102 is formed on the actuator 

□ substrate 18. After that, the actuator substrate 18 is 

]q laminated with the jig 234 including the large number of 

Size-defining members 232 provided on the plate member 230, 
and they are pressurized. Thus, the size of the pixel 
20 structure 102 is defined. Subsequently, the jig 234 is 

removed, and the crosspiece 70 is formed on the actuator 
substrate 18. After that, the optical waveguide plate 12 is 
laminated and pressurized. 

At first, as shown in FIG. 49A, the pixel structures 
25 102 are formed on the respective actuator elements 14 of the 

actuator substrate 18. 

After that, as shown in FIG, 49B, the jig 234 is 
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prepai d, which includ e s, — on one surface of the plate mombor 
230, the large number of size-defining members 232 having 
approximately the same height as that of the crosspieces 70 
to be formed on the actuator substrate 18. The surface of 
the jig 234 formed with the size-defining members 232 and 
the surface of the actuator substrate 18 formed with the 
pixel structures 102 are laminated with each other. The jig 
234 and the actuator substrate 18 are pressurized in the 
directions to make approach to one another. After that, the 
pixel structures 102 are hardened in this state. 

Subsequently, as shown in FIG. 49C, the jig 234 is 
removed. After that, as shown in FIG. 50A, the plurality of 
crosspieces 70 are formed at the portions other than the 
actuator elements 14, of the actuator substrate 18. 
Subsequently, an adhesive 210 is applied, for example, by 
means of the film formation method to the upper surfaces of 
the crosspieces 70 on the actuator substrate 18. 

As shown in FIG. SOB, before the adhesive 210 is 
hardened, the optical waveguide plate 12 is pressed against 
the crosspieces 70 on the actuator substrate 18. The 
optical waveguide plate 12 and the actuator substrate 18 are 
pressurized in the directions to make approach to one 
another. Subsequently, the adhesive 210 is hardened in this 
state to complete the device. 

In the tenth production method, for example, when the 
jig 234 is formed by using a member having rigidity such as 
metal, it is possible to reduce the waviness of the actuator 
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laminating and pressurizing the jig 234 and the actuator 
substrate 18. It is possible to form the crosspiece 70 
highly accurately in the step of forming the crosspiece 70 
performed thereafter. 

Next, the eleventh production method will be explained 
with reference to FIGS. 51A to 52B. In the eleventh 
production method, the pixel structures 102 are formed on 
the actuator substrate 18, and then the actuator substrate 
18 and the jig 234 including, on the plate member 230, the 
large number of size-defining members 232 are laminated and 
pressurized with each other. Thus, the size of the pixel 
structure 102 is defined. After the jig 234 is removed, the 
crosspieces 70 are formed on the optical waveguide plate 12. 
The optical waveguide plate 12 and the actuator substrate 18 
are laminated with each other. 

At first, as shown in FIG. 51A, the pixel structures 
102 are formed on the respective actuator elements 14 of the 
actuator substrate 18. 

After that, as shown in FIG. 51B, the jig 234 is 

prepared, which includes the large number of size-defining 

3 ^ 

members having approximately the same height as that of 

the crosspieces 70 to be formed on the actuator substrate 
18, the size-defining members 232 being formed on one 
surface of the plate member 230. The surface of the jig 234 
formed with the size-defining members 232 and the surface of 
the actuator substrate 18 formed with the pixel structures 
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102 are laminated with each ot her. Thft jig 2 3 4 a nd the 



actuator substrate 18 are pressurized in the directions to 
make approach to one another. After that, the pixel 
structures 102 are hardened in this state. 

Subsequently, as shown in FIG. 51C, the jig 234 is 
removed, and then the crosspieces 70 are formed at the 
portions other than the portions corresponding to the large 
number of pixels, of the optical waveguide plate 12 as shown 
in FIG. 52A. After that, an adhesive 212 is applied, for 
example, by means of the film formation method to the lower 
surfaces of the crosspieces 70 on the plate member 70. 

As shown in FIG. 52B, before the adhesive 212 is 
hardened, the surface of the actuator substrate 18 formed 
with the pixel structures 102 and the surface of the optical 
waveguide plate 12 formed with the crosspieces 70 are 
laminated with each other. The optical waveguide plate 12 
and the actuator substrate 18 are pressurized in the 
directions to make approach to one another. After that, the 
adhesive 212 is hardened in this state to complete the 
device . 

Also in the eleventh production method, for example, 
when the Jig 234 is formed by using a member having rigidity 
such as metal, it is possible to reduce the waviness of the 
actuator substrate 18 formed with the pixel structures 102, 
by laminating and pressurizing the Jig 234 and the actuator 
substrate 18. It is possible to carry out the lamination 
with the optical waveguide plate 12 highly accurately 
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perfo rm e d thereafter. 

The gap -forming layer 50 may be provided on the optical 
waveguide plate 12. In this arrangement, the gap eimount can 
be easily adjusted by controlling the difference between the 
height of the crosspiece 70 and the height of the size- 
defining member 232. 

Next, the twelfth production method will be explained 
with reference to FIGS. 53A to 54B. In the twelfth 
production method, the pixel structure 102 is formed on the 
actuator substrate 18, and the crosspiece 70 is formed on 
the jig 234 including, on the plate member 230, the large 
number of size-defining members 232. The actuator substrate 
18 and the jig 234 are laminated and pressurized so that the 
size of the crosspiece 70 and the pixel structure 102 is 
defined. After that, the jig 234 is removed. The 
crosspiece 70 is transferred to the actuator substrate 18, 
and then the optical waveguide plate 12 is Iciminated. 

At first, as shown in FIG. 53A, the plurality of 
crosspieces 70 are formed at the portions formed with no 
size-defining member 232, of the surface of the jig 324 
formed with the size-defining members 232, the portions 
being other than the portions corresponding to the large 
number of pixels. After that, an adhesive 212 is applied, 
for example, by means of the film formation method to the 
lower surfaces of the crosspieces 70 formed on the jig 234. 

The pixel structures 102 are formed on the respective 
actuator elements 14 of the actuator substrate 18. 
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Su bs equently , — as sh o wn i n FIG. — 53B , — b e fore t h e pix el 

structures 102 on the actuator substrate 18 are hardened, 
the surface of the actuator substrate 18 formed with the 
pixel structures 102 and the surface of the jig 234 formed 
with the crosspieces are laminated with each other. The jig 
234 and the actuator substrate 18 are pressurized in the 
directions to make approach to one another, and then the 
pixel structures 102 are hardened in this state. 

After that, as shown in FIG. 53C, the jig 234 is 
removed, and the crosspieces 70 are transferred to the 
actuator substrate. Subsequently, as shown in FIG. 54A, the 
adhesive 210 is applied, for example, by means of the film 
formation method to the upper surfaces of the crosspieces 70 
on the actuator substrate 18 . 

As shown in FIG. 54B, before the adhesive 210 is 
hardened, the optical waveguide plate 12 is pressed against 
the crosspieces 70 on the actuator substrate 18. The 
optical waveguide plate 12 and the actuator substrate 18 are 
pressurized in the directions to medce approach to one 
another. After that, the adhesive 210 is hardened in this 
state to complete the device. 

Also in this embodiment, for example, when the jig 234 
is formed by using a member having rigidity such as metal, 
it is possible to reduce the waviness of the actuator 
substrate 18 formed with the pixel structures 102, by 
laminating and pressurizing the jig 234 and the actuator 
substrate 18. It is possible to form the crosspiece 70 and 
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the pixel structure 10 2 nxgnxy accuiaLely. 

Next, the thirteenth production method will be 
explained with reference to FIGS. 55A to 56B. In the 
thirteenth embodiment, the pixel structure 102 and the 
crosspiece 70 are formed on the actuator substrate 18. The 
actuator substrate 18 and the jig 234 provided with the 
large number of size-defining members 232 on the plate 
member 230 are laminated and pressurized- Thus, the size of 
the crosspiece 70 and the pixel structure 102 is defined. 
After that, the jig 234 is removed, and the optical 
waveguide plate 12 is laminated. 

At first, as shown in FIG. 55A. the crosspieces 70 are 
formed, for example, by means of the film formation method 
at the portions formed with no actuator element 14, of the 
first principal surface of the actuator substrate 18. The 
pixel structures 102 are formed, for example, by means of 
the film formation method on the respective actuator 
elements 14 of the actuator substrate 18. 

After that, as shown in FIG. 55B, before the 
crosspieces 70 and the pixel structures 102 on the actuator 
substrate 18 are hardened, the jig 234 is pressed against 
the crosspieces 70 and the pixel structures 102 on the 
actuator substrate 18. The jig and the actuator substrate 
18 are pressurized in the directions to make approach to one 
another. After that, the crosspieces 70 and the pixel 
structures 102 are hardened in this state. 

Subsequently, as shown in FIG. 55C, the jig 234 is 
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removed. After that, as shown in FiG. 56A, aii ddliesive 210 
is applied, for example, by means of the film formation 
method to the upper surfaces of the crosspieces 70 on the 
actuator substrate 18. 
5 As shown in FIG. 56B, before the adhesive 210 is 

hardened, the optical waveguide plate 12 is pressed against 
the crosspieces 70 on the actuator substrate 18. The 
optical waveguide plate 12 and the actuator substrate 18 are 
pressurized in the directions to make approach to one 
10 another. After that, the adhesive 210 is hardened in this 

'f:l state to complete the device. 

Also in this embodiment, for example, when the jig 234 
M is formed by using a member having rigidity such as metal, 

M it is possible to reduce the waviness of the actuator 

substrate 18 formed with the pixel structures 102 and the 
crosspieces 70, by laminating and pressurizing the jig 234 
and the actuator substrate 18. It is possible to form the 
crosspiece 70 and the pixel structure 102 highly accurately. 
Next, the fourteenth production method will be 
20 explained with reference to FIGS. 57A to 58B. In the 

fourteenth production method, the crosspieces 70 are formed 
on the actuator substrate 18. The pixel structures 102 are 
formed on the jig including, on the plate member 230, the 
large number of size-defining members 232. The actuator 
25 substrate 18 and the jig 234 are laminated and pressurized. 

Thus, the size of the crosspiece 70 and the pixel structure 
102 is defined. After that, the jig 234 is removed, and the 
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pixel structures 102 are transterred to Llie actuator 

substrate 18. Subsequently, the optical waveguide plate 12 
is laminated. 

At first, as shown in FIG. 57A, the pixel structures 
102 are formed at the portions corresponding to the large 
number of pixels, the portions being formed with no size- 
defining member 232, of the surface of the jig 234 formed 
with the size-defining members 232. The plurality of 
crosspieces 70 are formed at the portions other than the 
actuator elements 14 of the actuator substrate 18. 

After that, as shown in FIG. 57B, before the 
crosspieces 70 formed on the actuator substrate 18 and the 
pixel structures 102 formed on the jig 234 are hardened, the 
surface of the jig 234 formed with the pixel structures 102 
and the surface of the actuator substrate 18 formed with the 
crosspieces 70 are laminated with each other. The jig 234 
and the actuator substrate 18 are pressurized in the 
directions to make approach to one another. Subsequently, 
the crosspieces 70 and the pixel structures 102 are hardened 

in this state. 

After that, as shown in FIG. 57C, the jig 234 is 
removed, and the pixel structures 102 are transferred to the 
actuator substrate 18. Subsequently, as shown in FIG. 58A, 
an adhesive 210 is applied, for example, by means of the 
film formation method to the upper surfaces of the 
crosspieces 70 on the actuator substrate 18. 

As shown in FIG. 58B. before the adhesive 210 is 
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hardened, the optical waveguide pxate 
the crosspieces 70 on the actuator substrate 18. The 
optical waveguide plate 12 and the actuator substrate 18 are 
pressurized in the directions to make approach to one 
another. After that, the adhesive 210 is hardened in this 
state to complete the device. 

Also in this embodiment, for example, when the jig 234 
is formed by using a member having rigidity such as metal, 
it is possible to reduce the waviness of the actuator 
substrate 18 formed with the pixel structures 102. by 
laminating and pressurizing the jig 234 and the actuator 
substrate 18. It is possible to form the crosspiece 70 and 
the pixel structure 102 highly accurately. 

Next, the fifteenth production method will be explained 
with reference to FIGS. 59A to 60B. In the fifteenth 
production method, the crosspieces 70 and the pixel 
structures 102 are formed on the jig 234 including, on the 
plate member 230. the large number of size-defining members 
232. The jig 234 and the actuator substrate 18 are 
laminated and pressurized with each other. Thus, the size 
of the crosspiece 70 and the pixel structure 102 is defined. 
After that, the Jig 234 is removed, and the crosspieces 70 
and the pixel structures 102 are transferred to the actuator 
substrate 18. Subsequently, the optical waveguide plate 12 

is laminated. 

At first, as shown in FIG. 59A, the plurality of 
crosspieces 70 are formed at the portions formed with no 
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size-defining member 232. of the surtace of Llie jig 234 
formed with the size-defining members 232. the portions 
being other than the portions corresponding to the large 
number of pixels. The pixel structures 102 are formed at 
the portions formed with no size-defining member 232, of the 
surface of the jig 234 formed with the size-defining members 
232, the portions corresponding to the large number of 
pixels . 

After that, as shown in FIG. 59B. before the 
crosspieces 70 and the pixel structures 102 formed on the 
jig 234 are hardened, the jig 234 and the actuator substrate 
18 are laminated with each other. The jig 234 and the 
actuator substrate 18 are pressurized in the directions to 
make approach to one another. After that, the crosspieces 
70 and the pixel structures 102 are hardened in this state. 

Subsequently, as shown in FIG. 59C, the jig 234 is 
removed, and the crosspieces and the pixel structures 102 
are transferred to the actuator substrate 18. After that, 
as shown in FIG. 60A. an adhesive 210 is applied, for 
example, by means of the film formation method to the upper 
surfaces of the actuator substrate 18. 

As shown in FIG. 60B. before the adhesive 210 is 
hardened, the optical waveguide plate 12 is pressed against 
the crosspieces 70 on the actuator substrate 18. The 
optical waveguide plate 12 and the actuator substrate 18 are 
pressurized in the directions to make approach to one 
another. After that, the adhesive 210 is hardened in this 
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state to complete the device. 

Also in this embodiment, for example, when the jig 234 
is formed by using a member having rigidity such as metal, 
it is possible to reduce the waviness of the actuator 
substrate 18 by laminating and pressurizing the jig 234 and 
the actuator substrate 18. It is possible to transfer and 
form the crosspiece 70 and the pixel structure 102 highly 
accurately on the actuator substrate 18. 

Next, the sixteenth production method will be explained 
with reference to FIGS. 61A to 62B. In the sixteenth 
production method, the pixel structures 102 are formed on 
the actuator substrate 18 which includes the crosspieces 70 
in the integrated manner. After that, the plate member 200 
is laminated on the actuator substrate 18. Subsequently, 
the plate member 200 is removed, and the optical waveguide 
plate 12 is laminated. 

At first, as shown in FIG. 61A, the pixel structures 
102 are formed on the respective actuator elements 14 of the 
actuator substrate 18 which integrally includes the 
plurality of crosspieces 70 at the portions other than the 
actuator elements 14. 

After that, as shown in FIG. 6 IB, before the pixel 
structures 102 on the actuator substrate 18 are hardened, 
the plate member 200 is pressed against the crosspieces 70 
and the pixel structures 102 on the actuator substrate 18. 
The plate member 200 and the actuator substrate 18 are 
pressurized in the directions to make approach to one 
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another. : ^ter t hat, the pi x el structur e s 102 are hard e n ed 

in this state. 

Subsequently, as shown in FIG. 62A, after the plate 
member 200 is removed, an adhesive 210 is applied, for 
example, by means of the film formation method to the upper 
surfaces of the crosspieces 70 on the actuator substrate 18. 

As shown in FIG. 62B, before the adhesive is hardened, 
the optical waveguide plate 12 is pressed against the 
crosspieces 70 on the actuator substrate 18. The optical 
waveguide plate 12 and the actuator substrate 18 are 
pressurized in the directions to make approach to one 
another. After that, the adhesive 210 is hardened in this 
state to complete the device. 

In this embodiment, the actuator substrate 18, which 
previously has the crosspieces 70 in the integrated manner, 
is used as the actuator substrate 18. Therefore, for 
example, when the actuator substrate 18 is carried or 
stored, the crosspieces 70 can be used to protect the 
actuator elements 14 formed on the actuator substrate 18. 
Further, the step of hardening the crosspiece 70 can be 
omitted, as compared with the case in which the crosspiece 
70 is separately formed. Accordingly, it is possible to 
reduce the number of production steps. 

In the respective embodiments described above, it is 
also possible that the crosspiece 70 has the multiple 
layered structure. In this arrangement, the crosspiece 70 
having the multiple layered structure can be formed by using 
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tho film fo r ma tion me tho d. In addition thereto , — fox- 



example, the crosspiece having the multiple layered 
structure can be also formed in accordance with a method in 
which, for example, the ceramic sintering method and the 
film formation method are combined with each other. The 
crosspiece 70 having the multiple layered structure is 
advantageous to adjust the amount of gap. 

Further, for example, when the adhesive is applied onto 
the crosspiece 70, for example, an adhesive having light- 
absorbing property is used. By doing so, the adhesive may 
be allowed to play the role of the gap-forming layer 50. 
When the adhesive is applied onto the pixel structure 102 or 
the actuator element 14, for example, an adhesive having 
light -reflective property is used. By doing so, the 
adhesive may be allowed to function as a part of the pixel 
structure 102. 

It is a matter of course that the display device and 
the method for producing the same according to the present 
invention are not limited to the embodiments described 
above, which may be embodied in other various forms without 
deviating from the gist or essential characteristic of the 
present invention. 
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INDUSTRIAL APPLICABILITY 

As explained above, according to the display device and 
the method for producing the same concerning the present 
invention, it is possible to obtain the following effects. 
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(Y) The clearance (gap) between the oyLlcal wavegtaide- 
plate and the pixel structure can be easily formed, and it 



can 



be formed uniformly for all of the pixels. 
(2) The size of the gap can be easily controlled. 



( 3 ) The 



adhesion of the pixel structure to the optical 



waveguide plate can be avoided, and it is possible to 
effectively realize the high response speed. 

(4) The contact surface of the pixel structure 
(contact surface with respect to the optical waveguide 



plate ) can 



be formed to be smooth so that the light is 



efficiently introduced into the pixel structure when the 
predetermined pixel structure contacts with the optical 
waveguide plate. 



(5) It is possible to ensure the response speed of the 



pixel. 



(6) It is possible to obtain the uniform brightness 
for all of the pixels. 

(7) It is possible to improve the brightness of the 



pixel 
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